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STATEMENT OF THE GENERAL METHOD USED

In this first chapter we'egaantiélly introduce the g%neral

- method that we intend to use.

N
I -1 - BASIC PRINCIPLE OF CALCULATION : . SR
z .
' The optical surface is given in the
///,4—E~ Y XY 2 coordlnate syetem. The axis
' ' z -+ are 3 1)( perpendicular to the
-+ surface S at I. IYandIé _
. rectangular axis located on the plane
'wx - o tangent to < at I.

Consequently the equation of a aphere is the following 3

',’x2+!2+52 2Rx-o

From a more general point of v1eu the equation of second degree

surface Hlll be ‘ _jg*iv : ‘_f;i

Mx2+vr‘°'+wz -zaxao

o

A point in space will be looated by three ooordinates X y -] and so

we have ;

F2 22442422

I1-2-~- GENERAL CONDITIONb FOR STIGMATISM

From the prinoiple of Fermat we know that B is the stzgmatlo image
of the object point A if the relation A M + W' B = ost is satisfied. (1)

I S
=
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Fig. 2

In this relation M is a point of the surface¥ .

dhen the relation is not satisfied we may describe the defects of

B image of A by a difference between the optical path A XK + M B

the origin of the coordinates system.

Therefqrﬁf we are studying now- the aberrant optical path '

(2) O = (AM+uB)-(AI+1B)

STUDY QF THE ABERRANT OPTICAL PATH

This'study of /A leads ué to obtain a general series expansion
27 ' © i

) A =AY+ Q2%+ e+ 0v? z 4 p?

Conventionally we designate :..

astigmatism : the terms of second order with regard to Y and %,

(1]

coma the terms of third order with regard to Y and Z

sphericél aberration : the terms of forth order with regard to

_ Y and Z.
de shall demonstrate in our~last report how it is possible to

evaluate the widening of the image B from /) ,

Qur work is based on the study of B image of %he point A.

ceofen

n° 2

Lgnd a 6onaiant that is genexally“phosen egal to A I + I B, I being
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Generally we whall choose A in the plan (1x Y).

II - HOLOGRAPHIC GRATING PROPERTIES

An holographic grating is made by recording on a sensitive
surface 2 the interference pattern of two coherent waves emitted

by two points C and D.

The surfaces of same phase are revolution hyperboloids of axis

C D and focus C and D.

Under such conditions, we see that the relation (2) can be

written as follows
A =
Ao

(4) RA+MB-(IA+I 3) ~%jmc -np) - (ICc - 104 0

c D

Fig. 3

In this relation ,

X o represents the wawelength of the radiation issued from the
recording points C and D, ' )

X represents the wawelength at B image of A,

k represents the order in which the holographic grating operates.

II. -1 - ABSOLUTE STIGMATISM OF HOLOGRAPHIC GRATINGS
GENERAL CONDIIIONS

We can write 577 = I A+IB- 52& (c-10) .(5)
. ‘ A O

caifen
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II- 2-

o)l

O

J- is a specific constant of the group of homologus points
A B C D under study.
Then the stigmatism condition is

MA+MKB-KkA (MC-MD) =j/7>-constant. (6)
Ao

wr

If the points A B C and D are different such a relation determines

a surface of the sixteenth degree.

More generally, a relation of that kind with n points determines

a surface of the 2" th degree.

To keep solutions physicaily feasible we must consider only surfaces
of the second or forth order.
We have a solution when the relation degenerate so as to use two

distinct points only.

The relation (6) can be written as followed 3

(1) YV MP+MKRQ=cste ) and y~ are constant.

Then the relation (7) determines a surface S on which the grating

ie recorded.

APPLICATION OF THE GENERAL CONJITION

The stigmatism condition is the following one :

MA+MB-Xk ;_\(mc—nn)uf//')-cst (6)
I\o

-~ In this case we cannot have C = D

- Some cases of degeneration may happen

1 A=3B=C

Then we have : MA (2 —kA) +k A MD =
o A\ O

O
We have a rigorous stigmatism in the case of autocollimation on A

ceefoe

n° 4
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with a given wavelength that can be chosen everywhere in the whole
spectrum ifs is the surface of Descartes given by this relation.

20 i A=B=C
( )(--2io k>o ,
MD = Cst
2 =8 i
%

N KD = cst imply that € is a sphere of centre D.
Thereforé,. there is a rigorous stigmatism for 2Ao in
the case of autocollimation on the source A k
with A on C. ' ’
3o We shall write A = D In this case

(6) becomes :H.A(’!i-kx ) + & B-k/ MC -
. Ao o Ao

9>

a) More than if we put A w=)o withk £ o
-k

He‘can’writeHB+HC-_'7>‘
N g must be an ellipsoid with focus in B and C.

If the surface $ is the ellipsoid with focus in B and C
(C is a recording point sou_rce) we have rigorous

stigmatism at the wavelength - Ao
. ' L k

in the negative orders when the source is put on D.

b) If, furthermore MA = cst with B = O
[Then & is a sphere with centre A, D.

We observe at point C.

There is stigmatism on C when the wavelength (sA_o_ k >0
k

A and D are on the centre of a portion of a sphere.

¢) We always have(A =D

If furthermore we have

(8) | W B-kA M C= o whatever is M.
A O

cei]en
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e have,@n B a perferctly stigmatic imagé for any given wavelength.

EXY

- . ‘ Let us write ,X - m. ;511~
. ‘ T

. the relation € becomes :

/ B - m MC = O / ‘ qh»a’teqer | ll;.i;.

Its szgnifioanoe (Fig.4 ) 18 that pointe B and C must be thuated
on a diameter P, Q of the sphere Zland that P and Q must divide

the segment BC in the harmonic ratio m

PB = QB =am.
"PC Qe

Using this lagt equation we obtain :

~

(%);D_E-_]lg -m(--) DC‘ DB e mR

B |
C . DP m

From these ratios we can obtain the position of C and of B,

To summarize if £ is a sphere ﬁith;centre D (KD‘- cet) and
if one consider the harmonic dohjugﬁate of the point C with regard
to a diameter of the sphere (MB = m KC)

~ when the source A is at the centre MA = MD = cst
- there is a rigorous stigmatism

. at C with the wavelength Ao
k

L . at B with the wavelength nm A o

g | k :

- as the stigmatism express the faot that the light-paths are
stationary one must obtain the stigmatism for other wavelength
when, usimg the same grating, one put thq source at C or B and

observesat one of the points D,C or B.

4°~ let us analyse these different ocases :

The hypothesis are :

-

spherical surface with centre at D : BD = cst . .
. voir Fig.5
point!H}harmonically conjuguate of C

with regard to a diameter : BH - m RC

ceof il
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Let us put the source at C : MA = MNC
We observe at H for what

wavelength is the stigmatism : KB = MNH

The condition (6) 'KA + KB - k (MC - MD) = 93. cst.

A
Ao

becomes : MC + HH -~ k A (MC - WD) = $/° = cst.
Ao

that can be written :

MC M+m-k _A ) +k _&_» Hb - 93= cst.
o Ao

This'condition is satisfied if the term with MNC is zero,

that can be written

= (M + AO o]
[ A= ¢ Ml |k

In another hand we have already.Qemonstrate that for the same

position of the source there is stigmatism

at D for X 0
k

at C for 2 Ao
K

.

BB = MD

Let us put the source at H : HA = MH '
a) we observe at D

The condition (6) becomes :

m+um-1<_§_'(nc-m>) -pscst.
ao

that can be written :

MC (m-x_é__)+mn(4r+ k__z_\_) - ._gjscst.
o] Ao

This coé?ition is satisfied for (&’ s Ao k > o
§ k
b) source gt H : MA = MH
we observe at C- : MB = NC
The condition (6) becomes : “
BH + MC = k A (MC - MD) = _(/Du cst.

Ao

el



Jobin=Yvon n° 9

veefee
MC (4 +m -k _A ) + k ___/\__m) = cst.

Ao Ao

There is stigmatism for | A = (m+41) Ao k > o0
k
source at H s MA = HMH
we observe at H : MNB = MH !
The condition (6) becomes :
2MH -k A (MC - mD) - 93 2 cet.
_ Ao '
that can be written :
MC (2m-k A ) +k A MD = G2 oet.
.. Ayo ) Ao
‘There is stigmatism for _,\= 2 m- >\o k > o
‘ k

To summarize : when the photosensitive surface is a sphere and

when one of the recording pointsis at its centre,
then, there is, in general, three points

stigmatic rigorously :

- the two points of recording,

- the harmonic conjuguate of the recording point that
-is not generally at the centre of the grating with.
regard to the diameter of the grating,

- The following schemes summarize the properties of

thess gratings :

| w4 = m D¢ =R | [DH = m.R.
MC - m ;
We have : MH = m DC =R DH = m.R
MC m
a) If m > 1 .
- necessarily we have m g 4 nspumber of grooves per mm
n. Ao ' of the grating, in the

~ C is in the circle of the grating. . ~ middle.

oo
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HX =m)o . HA= (@+1) Ao Sourceu’.h‘-ZmZ&_o_‘
k k - /

\\

Source g = =y

= (1) Ao
) k

m o
k

circle of the - °
grating

b) Ifm<1

- No llmitatlons for m.

- C is out of the circle of the grating.

'
| 2
| 3
' -Squrce;.c A= 2No c
N
A= (m+1)ro
L E
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Likewise, we may reach a rigorous stigmatism when the recording points

C and D are the point C, on one hand, and the point H harmonic conjugate
of C with respect to the circle of the grating,on the other hand.

it

2

%

Fig. 8

Identically with the previous case, (D at 0), the wavelengths of stigmatism

are depending on the locus of both the source point and the image point B

and on the parameter m

m- _MH M D » 0D - mR
MC M C o c

H
=]

Considering the case in which the source is located at C, the condition (6)

is as follows :

MC+MB-_RA (MC- mNMC) = ost.
Mo

MB+MC |1- _AR(1-m)]| = cst.
Ao

coof e
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¢ ' When : the image B is located at D

—> MB -MD - mHC

the above expression is @

Mc(4+m-»h>\(4-m)} - cst.
Ao

We observe that the wavelength of stigmatism is :

Ao 1 +m
R 1 -m

e may'follow the same reasoning if the source is at O or at H and if

fhe point B is at O or at H.

The Tables below indicate the wavelengths corresponding to the different
configurations of stigmatism.

A) D is at O : Table I
source
‘positiod D (0) ¢ H
image ~_ -
position :

D (0) A=oO A= _Ao }\:on

<
>
>/
[=]
y
i
N
>
Q
>
il
B8
+
E—-
Q

R R k
H AozmBAe | Az(me) Ao | A -2m e
k | R N

m : any value lower than 2000

o)



B) Recording with conjugate points.

D is at H (harmonic conjugate of C)

n° 13

Table 2
source
position | 0 c H ( D )
fmage
position
0 /\-_-0 A=A Ao - _m Ao
4-m r 1-m R
c Nzl lazz e | A zim e
1-m R 1-m ) 1-m L}
H (D) \ >\: m _Lg_ >\: 1+m Ao = 2 m Xo
1-m R 1-m R 1~cos R

m : any value lower than sin ¥

o]
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III - GENERAL CALCULATION'S mETﬁOD QF THE ABERAKANT OPTICAL PATH.
Terms of 2nd and Jrd orders :
He have seen that the general equetlon of holographio grating can

be written

(BA + ¥B) - (IA + ;'113) RA | (uc - up) - (IC - ID) = 0

e | | g

: In the chapter V, we have settle cbﬁditions.to;obtain for the poihtv
object A a perfectly stigmatlc image.

But in the general case the image B will not be perfectly stigmatic.
We can calculate the quality of the image by the study of the

aberrant optical path,.

.~‘<)when M is going along -

(40) A =MHA +MB- RA (NC - WD)
o

the surface < .

Therefore /= I A+IB- KA (Ic-1D)
o .

*""'To obtain A one must caloulate the values of MA, MB, MC and MD.
We are going to explain the principles of MA calculation.

coefee

e
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In the I (X Y 4) coordinate system, (x y 2) are the point A coordinates
and (X Y 2) are the coordinates of K any point of = .

The relation between the coordinates of K is given by the equation
of 5. In this first report we suppose that % is a sphere.

In a next reporf we shall give the equations valid in all cases in

which S is a paraboloid, an ellipsoid, a cylinder, a tore.

In all the following sections Wwe suppose that the dimensions of Y

aﬁd 2 are small withlfegard to the others dimensioné as X, X, ¥y, 1.

Also we suppose, Wwhen we study an object slit that z is also small.
When we add other hypothesis at these basic hypothesis, we shall

express that obviously.

Therefore, the equation of the sphere in our coordinates system

oén be written :

¥+ + 22 -2RrXx=0
A
Xx=R+ |R® - (¥¥+4%)|2
r - 1
X=Rs R|1-Y4+2° 3
R?

The equation can be written in a series development as follows :
: 2
(44) X = 12+ 22 + (Y2 4 22 )+ @ ©® 28 )
2R 8R3

More, in the trihedron I (X Y 2) omecan.choose.a system of spheric

coordinate to express A

x =‘j; cos ~(
; j
y -4& cos f3 lu Al

Z -/; cos Y -

2 2 2.
" with cos X + cos B+ cos” ¥ .4

In these conditions ¢

A% - (x - 1)2 +(Y - y)2 + (4 = 2)2

2 2

“2XxXx=-Yy~24z+ 12 + y? + 2

- Xz + Y2 + 4
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de can substitute X and X2 for their values

e 2
2/22 i>Y + 22 +(Y2+Z2) -2 (yY+zud)
2

x§ R 8RS
J s
« Y2+ 2% . (Y2+Z2 )2 o
. | I |

that can be arranged in regular order with regard to Y and Zy

o ’ ’ X ] i . . P
Amz-/Z24_- 2(y Y + 2 2) +Y2+Z'2'—x (Y2+Aa)
T 42 2

+ (@Pez®)® (A - x) ’
/2 2
§ 4R

Let us put -AM =-[ ’1 + 9)

80 - v 0 -0% + 03 - o4
AN f(4 Qz g 567)

———

(42) 16 128
Qc*l [ -2(yY+z&)+Y2+42-
2 248 ’L -
+(Y2+A2)2 . - _x_)
i ITCRT
2 I
I I 4 (yY+22)? 4 (P +22)2 422 (134 42)2
g 8{"4 .Rz
5 -4 (¥ Y +aa) (Y2427 N
+4x (v Y +a2)(Y2 + ) - 2x (12 4 292
R R )
+ 03 . 1 -8(yY+zZ)3+1'2(yY‘+zz)2(Y2+Z2)
16 1648 ]

e _ .‘_-12x (yY+z,Z)2__(Y2+Z2)

. B
.- 50 = - 5x 16 (yY+z&)4
128 1?.848

ceif e
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If we arrange in regular order, it follows :

A= // R

OO SO SN |

-1Y+'zZ
L
r i
+ A y? (’l—g:_-,y_?)+42(4—x-z2)—2.¥-z‘¥4
y; R 12 A2

—_

+y Y+ 27 ¥ (4-x- ) + 2 (4-5-‘22"{f-2 z Y 4
= R 77 R j?).m-’—y:['a"‘

+ terms of forth order.

We shall give the value of terms of fourth renk in the Chapter IV.~-

Furthermore, in this Chapter :, we consider points located in
the plane I (—x Y).
Therefore with z = o

In these conditions Yy = E and one can write

xa/f.cosWX
y-/{sin >

Then it followse :
N A= //
term of first

rank - Y sin

term of second
rank

3 e« _{ R 2 R

term of third
rank

+ _‘?_[_‘3 sin ¢ (cos’ - cosX) + Y 2° sin¥( 4 - cos )
==

§ +_¥_2_ (o082 -cos"()*'ﬁ (A~ 08 % )
% A R 2

term of forth 4
order + Y7 ..., ceefes
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Obviously, one calculates B, MC and KD in the same way.
We introduce the polar coordinates of points A B C D

Source point A o(' "/A a T A
Image point B ﬁ /ZB = 1B

First recording.point ¢ X ,J)C =

Second recording point D J /f 0

Fig.40

Comment.
ie a matter of fact, the point B is not necessarily the image but
the point at whioh one decides to caloulate the optical aberrant
path. One can consequently vary the position of B until one obtains
an optimum value of aberretions.
The point B determined in this way is then really image of A.
Substituting WA, KB, MC, MD by their developments in the
following expression 1 ( &q-40)

A -RA+MB-_§_’\_ (MC-uD) -5

Ao
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Therefore g) IA+IB- R)‘ (IC—ID)-.
: )\o

A, + 4y """f‘é (Lo -4y )

Reproduced from

In these conditions 3 ' best avallab'e -copy.
A =-x [sin“(-rein/.’» - kA (BinT-sth)]
: L ‘ .' Ao : o

RC4 V- VI

+ Y2 cos 2 - oosd + cos /3- cos/> - k/\ ((ooa ¥ - cos ¥ )
2 £ A R £ B R ;\och R

- (cbsz?s” - cos J)‘
R

4D .
|
+§3 A -coa°(+./\ -cosl - RA| (A - cos )
2 £ A B ¥B =& Al Ac  w
E - A - f)“"ft
(45 ( . cos J )’
) A R “
r
+_Y__ \sLnOL (cosa*’( - cos°¢) + 8in /} (cos /2~ coslB )

2 ‘JZA La R £ {3 R

- RAX lgin}f(oos ‘(—cosb’)-aimf(cosf—cos )‘H
Yo | 4o 4e  m T T ‘J'

-4

+ Y 2% | 8inX (A4 ~cosX) + 8inf (/\‘ - cosl? ) -
2 | Aa Ly R {s Az R

[N

k/\{ sin ¥ ( A - gos \()-sinJ(;f_f_-cosJ‘;‘
o de 4 R 1}): Ay R

To have signification, the series expansion must have at least

- its term of first order egal ‘to zero. Therefore, 'w'e"- ‘fust SN



Jobin~-Yvon n®

ceefen

fulfil the following expression :

(A6) sine(+ gin /- RN (8in Y - sind/) = 0

If we write d = >\ o (41,) \
sin y - sin ¢ /

"we obtain : A( sino{ + sin £ ) = R A

th'at is the classical formula for the gratings.

Tpe rays IA and IB are corresponding by diffraction on the

gi,atmg of grooves-gpacing C{;m the order. P\

Now, precisely the quantity A = Ao is the pitch of the
sin ¥~ sinJ .

interference fringes produced at the vicinity of the surface i

top, by the two coherent points C and D emitting a radiation
A ©.

Then, the relation sin X + sin/5 - kA (sin ¥- sin & ) = 0 is met.

\o

In the next report we shall explain the consequences that can be
deduced from the terms of second and third orders.

Relation between aberrant optical path and image quality.

At last, we must point out that it is possible to determine

the widening dy6 and dZB in a chosen plane from the aberrant

optical path using the relation of Nijboer.

dy = COSKP L>A - gin Kp DA
- COB W D'JJ sin DKP

(18)

dz = sin Y BN + cos? Ida
cos w dw sinw O

] o]
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where (-Pis the azimuthal apgle of the pupil

\
Z Y sHcos ¢
4 = sin @
4 N
; H 7Y
‘and wis the aperture's angle of
Fig.d1 "~ the beam. A

Fig.42
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IV. - SPHERICAL ABERRATION

STUODY OF THE ABERRANT PATH OF FOURTH DEGREE.

~

In the Chapter III, we have_mentioned the value of the terms of second

and third degrees of the aberrant optical path.

Bow we are going to study the value of fourth order term.

Yy
Let us remind that A M -Z 1+ 6 - 0¥ . e - s58 }
' 2 8 16 -~ 128

(eq.42)

So,ffhe-term of fourth degrée may be written :

24?2 a3 gt 4
A B
1 2 (¥ +22)2, (2 4+ 282+ 12 (y Y +22)% (Y2 + 2
gt = W2 4rd? 16 L€
c D E

-12 _x (y Y+ 2 Z)2 (Y2 + zz) -5x16 _ (yY+2zu) 4
6 :
16 44 ’ ' A

cei)n

n°® 22

Y
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Let us group the terms A + c

A+C=£(Y2+Z2)2 1 (1 - X ,)_1‘ xz = ‘

2‘92 4R ar® g4 %

12+ 2%)° (1-z - 22)
8R212 R ‘[2
Let us group the terms E + F+ G

E+F+G=(x¥+zz)2 3(Y2+Z2)(1—_§)-—2_(Yy+1‘z)2
W5 R off

sy tesz)? | Y (1-x-5.3° )22 (x-5 28)-50 Y
4 1 R o6 12 Ro62® 3 62

L3

"

Finally the value of the fourth order term, for A M, is :

) o2 (1-x-x2) -1 (Y2 + 82 (1-2x) +
Z
8 g2l R Y R

N

3 (yrea?l ¥ (1-2-5 Py+2(1-x-5 5414
e v R o6 A2 R 2 3 42

1

We use the same hypothesis as previously i.e.

" z2=0 80 x= Aoos«

y-.[nng

coofen
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Fig., n° 13

Then one can write :

AM(4) = (Y2 + Z222 (4 - cosx - cos2°<) -1 (Y2 + Z2)2 (4 -2cosx)

6r2 y R £ g 02 Vi R
+ 3 (yY )2 [ Y2 (14_-cosx -5 sinzo() + 22 (4_ - cos=x)
, £
DL £ & 6 £ R
X . . . 4 3. 2 2
We are going now to study successively the terms in Y, YY" 4, Y 4

which may be written : F '(Y4), F (Y3 Z) etc.

4

Term in Y

F (¥4 = 14

4 (_1_—cosoc-' coezx)-'] (4 -2cosx)+ 3 sinzot(j_
er° f R £ 82 P R 4?2 2

- cosX =5 - sin2°C)

R 6'f

= Y4 A (-_4_ - coa®)= c’os%(_ -1 +2coBY + 3} ‘ Bin?‘o( ( A -cosX -§ 33‘;123)
N 2 - -
182 4 =& 8r2d 8l ‘aad 402 . 4 r 6 4

N
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- v4 1 (4 -cos%) -1 (g_gg_x-i)z +_3 \ sin%(( 4 fcosk~'5 sin %)
len2 £ R L £ R 6 4
-vt 4 (4-c08x) -1 (1 - ses¥) (1-go_i°(- 6 sin’x)
ESE . sd £ =& 4 =& £
- 3 sinzof(g_,;.—’q,o:s’() +3 sin < (4 - co..'a'ﬁ( -5 sinzﬂ’.)
4 L2  p . -m s €2 9 i 6 4
Y| 4 (4-g08%) - 1 (1-c0s%) (4 - conX-6 sin’x)-s sint=
e € n et g o £ x4 8 A
I 3 B (1-_(_:_95_@{) = 1 (1 - cosx- sin’) ( 4 -cosX-5 sin2e )
sr2 £ R 8l £ w L 7 R £

- F‘(Y4) - Y4 4 (2 - cios%) -4 (cosz"C- cos°é) (_1 - cos¥ ~ §5 sin%t)
2 4 - 8d £ r 4 & £

(19)
) R

8R

: - ®

Term in Y3 4

';F(Y3Z)=Y3Z _.}_yz(j_-cos«z-—Ssinzot) -5 y =

R P A
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.../..
(20) F (Y3 2) = Y3 4 yz 3 (4 -cosX - 5 gin®%¥) ()
44 2 4 R 3 .

fhis term is zero if Z = o.

Term in Y2 42

21 4« 4 - cos%- cos°%) - | (4 -2co8¥)

ar® 4 R L 422 L R

F (Y2 2% ) - Y2 2

+32% (4-o008% -5 sin®%) + 3 sin’% (4 cosX - 5 z°)

N Y A A A T &

If z = 0"~ «

 F(Y? Z2)- ¥2 22( 4 (sinx - cos® )= 4 (4 - 2 cose)+ 3 sin’x (1 - cosx )

» (a2 £ r f £ w4 424 R

A A

- Y2 22 J 1 (24 -c08%) -4 _(4__ -2cos%-~ coszd)-o-_,} sinzocﬁ - cos? )

2 p R af 42 R Rz 4 f‘?-ti;_“f';-n y

PR

(1- cos‘l)2+__}_ sinz"( (4_ - cos ‘t) ’

1
£ R }_a‘."r‘4 22 £ R

4 R af

F(x2 z2) = Y2 2% | (
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Term in Y '&3

F'(urz:’)-.-]rz3 6yz(1-x -_5_ 32)-Lz3

245 R 6_’22 47 3

=YZ‘3.__}_ Yy = (_1 - coa¥) - 5 ,yz3 -5 xzsh
2 {4 £ R vy 4 1
3 2
=Y2° yz [3 (1 -cos¥X) -_5 z ()
24
(24) Lala 4 2 , 93
% RPN
Th'is term is zero if 2 = o.
Termi.nz4
Pzt [ (1- 2 -2 )- 1 (1-2x)
2
gl R P2 go3 R
2 2
+3 2 (1-x -_5 R ))
40> R 642 5
4 2
A 1 (1-gco8¥ -cosx) - 1 ("1 -2cos%)
gr2 L. & 4 g 42 4 R

ceefes
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-cosX) - 1 ( coso + I - 2 cosX)

=zt [ a4 (A
gr> A R gl R® £2 R
+ 3 2° (.2 --cos°<-—5z2)
ad 4 4 R 643
- 24 1 ( 4 =-cosX) ~-_1  ( cosxX —_I__)2+
o2 A R 8 R £
3 22 (1—00804—5z2)
a4 L R 643
So the term independant of z may be written :
L4 e
F(2%) =2 {14 (4 =cos?) [ -1 (1 - cosx)
(22) 8 ’(A R R2' 4€A /€A R

Therefore, in the hypothesis z = o one can sum up the fourth order term
of expansion of AHM :

Aoyt 4 (4 - cos0)- 1 ( cos™ - cosW)( 4 - cos X - Ssin)

8r* R 8d A R A4 R B4
(23) + Y2 28 (1 - cosX) |2 - 14 (4 -cosx)+3 sin>
' 4 r |w® 4L L R 4 L2
ezt 4 (1-cesx) [A_-12(2 - cosx)
8 4 R B2 4 4 R

X
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r
N

Obviously, one calculategHB; MC and MD in the same way.

One substitutes MA MB MC and MD by their development in the following

expression :

A = MA + MB - R_A (uc - wp) - §°

Ao
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:¥. - ANALYTICAL EXPRESSION OF THE STIGMATIC POINTS

We have seen in Chapter II - 2 ( page n° 4. and following). that a
group of three points (0, C and H) had stigmatic properties when
firstly the source A and secondly the image B were placed at these

points.
In that case we know that :

a) the construction points C and D are :
Dis at O sofD-RandJ-o'

C is anywhere

b) H is the harmonic conjuguate of C

Fig. n° 144 | ' Lo/
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Let us consider the Fig. n°® 5 of the Chapter II, .or the Fig. n°® 14.
We know that, if C and H are harmonic conjuguates with regards to the
diameter of the circle (0), H is the stigmatic image of a point source A

located at O for the wavelength Ap.

Let us apply the relation

sinx + sinf = R ___/\__ (.sin¥ - sin(f)

Ao
=0
R !
o = 0 ——=> sinPH - RAH sin U
A0
ie have R AH = m
d
Ao
sinFH =msin
CD=R DH=Rm (e¢q.9)
mn
In the triangle I1 0C sinbd = sin¥
R R "
m
sin y am8in¥ = sinPH
/fC = R sin_(n+¥) =_R YTe€ost> \/4 -m2 si‘nz“t{) (24)
m sin ¥ I

by =i

Particular case of grazing incidence.

We suppose thatFH N L=o
2
— (in fact we use the grating under the converse condition
X =N /3= o but the equations are identical.)
2

e
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S0 msin Y = A1

,/C-RcosT

(2,5) ,{Hachos'{= R
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NIl - STUDY OF THE ASTIGMATISM -

"YI - 1 - Study of no-astigmatism conditions at a given point.

o Study in the general case.
VI-i-1- de have seen that the term of second degree may be written :

m () o 4 Y2(4-x1—}3)+22(4-5 -z2 )
24 R tT% R 22
'-2z'ZY_Z

expression that leads for z = 0o to the value of the aberrant optical
path as follows : S

A - Y 00820( - cos X + 0052/3 - cos BB

2 4 R 4

(26) - Rl [;(cosz?f - cos?)‘ _—(cosaJ - CcO0S J)] ‘
: e L L R 4 R |

+ 22 4 -cosX + 4 -cos B - kA [(4_ - cos ¥ )
2 2 B 4 R Ao 1 R

-{ 4 —cosJ)'
¢ R
2

For a given point source A (ZA y ) the coefficients of Y2 and 42~ are

respectively the locus of sagittal and tangential focals.

T w0 cos®® - cos® + cos> P - cos B - R (00325 - cos X))
Za R Iy 3 R \o 4c R
(3) ’
- (goszcr - cos J ) =0

7 _
D R v
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S=0_14 =-cos® + _ 1 - cosP - KA (2_ - cos¥)
4y & £sp R Ao L R
- (. 1 -cos‘f) = 0

p R

Obviously, as a rule, the curves fyy = £ 1 () and [SB =f2(p)

are distinct.

of course, for a spectrograph, we shall cons:.der the tangential focal
surface as being the image surface.
Under such conditions, the height of the tangential focal, for a

point object, is given by

5

hip=Yy ’fSB"fTB

S B

In this formula Y 4 is the he'ight of the pupil.Moreover, we have
the relation .
_f_é_ ‘(sin ¥ - sinff)

Ao

sin& + sin/3 -

So, T = o may be written :

cos’X - cos X + 0052/5 - cos ' - sinX + sin x

2A . R

‘ZI‘B R sin - sinrf

—(cdszif—co.sfj) = 0
"Ly R

(c032 ¥ - cos¥)
/C R

We can write : Ko = sin¥ - sin J

(29) ‘
Ky = cos>f - cos¥ - (coszc/— cos J)

'ZC R ‘/D R
- cosJ)

By proceeding in the
same way for the
equation S= o and
by writing S - cos¥

Ky = A4 -(

n

Ze

R

4p

R

il
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(30) T= O becomgs
253 £ . .
T = cos’® - cos® + cos’/ - cos! - (sin%+ sin ) KI =0

£ ' -
S = o becomes R ‘ 'e’ls R Ko

(34) S = _1 - cosX + 1 - cos B —(sino<+sin/3) Ky o
2 R 4B R Ko
From the equations T = o and 5 = o we obtain :
' 2
’/'I‘ B — R /A cos S8
(32) - R cos2x + /A (cosx+ cos/ﬁ) + R/, (sinec+ sin ) KI
' ' Ko
/ o R/_ _
’(’S B - A
: NEC T TR

- R+ [A (cos a’+ cos/3) +'R,§A ( sinx + sinz/’i) L§]

Ko
so hg =Yy (1 _4r 3 >
N _T ',= :YM B 0052/3 [—R + ;pA(coso(+ cos/3 )+R,€A(sin°< + Sin/?‘ ) _!_(_3_}
(33) A i Ko
- R cos?x +4(cos°(+ cos/’5) + R4, (sine + sin/S) KI
Ko

In order toobtain the astigmatism equal to zero, we must have

’pS'B - ZTB. This condition may be written :

0082/3 - R +/[A(coso(+ cos[’) + R ’fA (sinX + sin/3) K3
Ko

--Rcoszc(+,f

f (cos A+ cosP) + RY, (sinec + sinpg ) KI

Ko
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R ( coaH - cosz/3) - ZA (cosX + cos /5) (1 - cosz/’s) + R,?A(sin°(+ sin/a)

( KI - K3 cossz )
Ko Ko

(34) ' cosX - cos = sinzp + sinX + sinl® (—L(_I_ - K3 cosz/a )

-‘éA R cosX + cosp Ko Ko

| o o

This is the necessary condition for having the astigmatism equal to zero.

VI-1—-2- CASE OF CONVENTLIONAL GRATINGS

In the case of a conventional grating KI = K3 = o

the above condition becomes : | -

(35) cos¥X - cos = gin’P

Lo R

Let us carry forward this condition in the equation S = o (28) which is

valid for conventional gratings i.e. with KI = K3 = o

sin2/3 ~(cosX+ cosB) + A =0
R(cos« - cos/ﬂ) R /SB

,st R cos cos

coszoC - 1
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s

Placing side by side

(36) - ‘€A = R cos -:-2003/3 et ZB = = R cos"(—zcosﬁ
sin” A - sin"of

we observe that, in gepneral, either 'ZA or jB must be negative in

order that the two relations may be simultaneously satisfied.

Therefore, generally, there is no sdélution to avoid _thé agtigmatism

with a conventional concave spherical grating.

WADSWORTH MOUNTING.

HoW‘e\r_er, there is a special solution
if f = o In this case ¢, = ==

(3%)

and jB - R
4 + cosel. It is the Wadsworth mounting.

VI-1-2-2- ASTIGMATISM OF THE CONVENWTIONAL GRATING ON THE ROWLAND CIRCLE.

In the case of conventional grating, the focal's height may be

written in the general case :

R (cosX -~ cos f)
.2
(38) h T - Y M s1in p - A

1 - cosz"(

R
gA

cosol + cos /5

In the Rowland case !A = R cosed

2
h, K =Y sinzﬁ- cosX ( cosX+ cos ) - cos® + cos /B

cosX (cos X + cos s ) - cosx

(39) ‘hTzYM (Sin2P+ sinoct‘;xccm[’)

that is the classical formula.



n® 38
Jobin-Yvon

VI - 2 — DETERMINATION OF THE RELATIONS OF NO-ASTIGMATISM IN THE HOLOGRAPHIC

GRATING CASE. -

If the condition to avoid the astigmatism is satisfied (eq. 34) it

follows that :

1 = sinz/? + sinX+ sin £ ( KI - j.&) cosafa )
2 2 .
’(”A cos - 008/3 cos'yf - cos/; Ko Ko

Let us carry forward in=theiequation.S.z o (eq. 24)

u\‘_'.-x o o-“-;c'g;"
' sinz/3 - cosX+ cos? + ginX+ sinl ( KI - K3 cosz/s)
cosX - cos/s R cos%( - 0052/3 Ko Ko

+ 1 - (sin + sinﬁ) K3 =o0
’€B Ko

S0 3

4 . :—.sin2°( + gin« + gin /| K3 cos%( - KI
‘ . Ko

‘€B R(cos X~ cosf ) cosch - 0082/3 Ko

so, for obtaining in Bo an image of the qs-ource point A without astigmatism,
‘for the wavelength ’\Bo, it is necessary that the following four equations

may be solved :

viifen

- e -
I et
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4 = sin® P + sinX+ sin P (ﬂ - K3 0082/3 )
‘!A R (cos« - cos/i) cos® ~ cosz/‘i Ko Ko
1 = = 8in’« + 8inX’+ sin i (k3 cos® - KT )

jB R (cosx - cosﬁ) 00820(_-0082/3 Ko Ko

(40) KI = '_'c:oszbf - cos ¥ - cos?d - cos J)

A R ’ jD'. R

with Ko = sin X - sinrf

and 'éA’ jB’ jc and /D ess\elnt_lally positive terms. . .

‘Commentv :‘ We know that one can géther the conventional grating's equations
- from the holographié grating's equations when writing

"KI = K3 = o.- i o

The previous equatioris applied to the conventional grating

lead to A - sin2 B

29 R (cos™(~- cosF)

4 = - gin°«

[B (cosX - cos p )

de point out that there is no real solution to that problem since,

if 'ZA > o it follows inevitadly {5  o-

verf s
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VI - 3 — CONDITION ALLOWING THE EXTENSION OF NO—ASTIGMATISM PROPERTIES
TO THE VICINITY OF THE CORRECTING POINT.

We are going to establ1sh the relatlons allow:ug the astigmatlsmfeto be ‘
9 . I
- equal to zero ag well as 3"? gnd D -/8
| | Dﬁ_. : ;>ﬁ‘

B R T T e e g e SR L oy ~A*.*'° T Cletoaae

We are gomg to determme rapully these \relatlons in the general case
i.a.. 0(;7-[: D so as to apply them to the’ conf:.gurat:.ons in whlch A and Bo

are llnked by the relatlons of stxgmatla" e
We know that the relatxon ruling the no-astlgmatism between a ob:ject poxnt
A and an image p01nt Bo (for the wavelength /\ Bo), is : .

v

cos = cos P - 8302+ sin%+ imlf kI
{A "R cosX + cosB. Ko

(e7u.a/f-'aw 34)

- 8in¥ + sin/a coszﬁ~ L.5]
- Ko

cos + cos P
that may be wrj.tfen H

cosX - cog /P - sin’ A+ KI Lt;°(+/3 - K3 t;"(wa ‘0092/4
-eA R Ko 2° Ko 2

b
Deriving ga

M:ZBinFCOBF' % _1 KI (1+fj"‘°5+/§),_

£
A R 2 Ko 2

L.,

K3 _1_.( 1 +t‘-“7,3_0i+_-_£) oos‘z/BV-z. cos/3 gin/a ('j°<+/3
Ko 2 C ' ' 2

Deriving mce again :

cosP - 2cos2P + 31x2 K1 ‘fj°<+ﬁ
L _ R 4 Ko 2

-

o]
[+]
/]
Nl
&
+
>

N

o]



K3 - cos[’sin.flﬁ + b;io(+ﬁr)+'coszﬂ x2x1 L‘j <+ 1
Ko : 2 2 . .2 2 ogla+f
2

-2 0032/3 ~le"‘_+ﬁ - sinZF \
. 2 2 cészo&P
‘ 2

This group of three equationsis written .as follows :

(LM) cos%—cosf- sinzﬁl-+;g-t;°4¥/3 - K3 t:j_‘fi_-_,_% c032/3
L . R Ko 2 . Ko ’

(49 sinf- sin2f + 1 KI ______-__}_(cosﬂ - sin2p jo(+/s)

4= R 2 Ko cos2« (+f Ko 2cos °4+/3
2 2
. gin - o + /P i | sin «+ /°
(L@ z cosP—- 2 c:osz/L3 + KI . 2 -K3 |- em‘z P+ cos F 2
b
’ZA R Ko 2 cos3ﬂ<+ Ko cos °(+P 2 0053 x + B
2 2 2

- 2 o082 p tyxs P
. : 2 .

‘We may determine the unknewn quantities:. [A y KI and K3 from these three equations.
' Ko Ko’

From the equation T s Oor 3S=0 ,ZB is determined.

For example : 1 + 1 - cos X+ cos P « K3 (sin¥ + sin/S) -0

.’(A ' ng : R Ko

RV
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VI - 4 - FOCALS'HEIGHT

R

W e have established the relations conditioning the no-astigmatism at a
determined point Bo and then for a point B closed to Bo, 1°) in the first

order and 2°) in the second order.

If these relations are verified, we may now determine what is the value

' of the slit height.
We know that ho =2 m (9-418 )-znm Zsp -t 3

Lss Y

5B

and we have determined the general equation of hT from the equation giving
N

the valuesZT B and /ZSB in the general case (Equation 32) —_—

‘ LT = Zm |- 6052{3 -R+ [A (coso + cos[i) + R{A (sin« + sin [3) _A_(_}_l
A- Ko
- R cosX +'€A, (cosa+ cos/!) + R[A (sine + sin/?) KI
Ko
(Equation 33) : —)
de may write /ﬁT - Zm .Y
» \%
4ith y = - R cos'&« +,(A (coser + cos/;) + R,/A (sino( + sin/?) %

- 0032/3 - R + 'ZA (cosd+ cos/3) + R{A (sinx+ sin/3) K3
Ko

V --1R 00820( +_€ (cosac+ cosp) + R .Y (sine¢ + sin p) KI
- A /J A /s Xo

caifne
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o.o/.o L g e

We may write :

h.- Zm.

R(coszp~cosza()+& (cosq+ cgs/ﬂ)(1—coszfa)+ R/A(sinq+si?i/3)( KI - K3 cos%)
= Ko __Xo

- R cos%( + {A (coso(+ cosﬁ) + R/ (sinco # sm/a) KI
o

fAR(éosq& cosF) [cosf’— cos¥ + sin°l + sin®+ sin (KI - K3 cos /3)]
I . A
hT-Zm Uy o ) 4 R cos«x + cosf Ko Ko

&R(cos oA+ cosls){ —cop2el + 1+ sin®+ ginf KI |
o (cos+ cos[&:),/A R cosq+ cosp Ko

If we suppose cosq + cos/i 7_‘;'0".. o

t

cosl- cos® + sin>l + sinX + ginf ( KI -K3 coézﬁ')

hy = AL R cog X + cosf Ko Ko
R (44)

- cost ¥ + 1+ sin¥ + sin/® KI

(.c:cl>s'°(+ r:fos/3) ’éA R . cosa + cos/ﬂ Ko

de identify at the numerator of the formula (44 ) providing h‘l‘-’ the

condition of no-astigmatism already determined. ( 3y ).

Now, let us suppose that the condition of no-astigmatism is really fulfiled.
The focal's height, for a point B close to Bo will be obtained by developing

the function hy (fl) according to the Taylor's formula:

we ..
T B

{(P‘;O) {(Po +63,/(P°) + O {U(Fo) + i "'(/3 ):

in which the functlon{(/a) is the function h (/‘L )

‘I‘herefore, if h'l‘ (f ) - 0,the focal's height, for $he point B
corresponding to the angleﬁ o+ O , will be given by



hT (Po*' 6) :Oh'T‘ /30)

Then, we may write hy ( F ) -_V
\%
SOh'T(/'i):U'.4 -Ur. Y

\ %

However, we have just supposed that hT ( /go ) -0 i.e. Yz O

/

Under such conditions h', ( P ) is reduced to L °, A_

\'

On the other hand, U' is the derived of the numerator i.e. of the
equation ( 34)

We may then deduce that :

n

..n . 2 .
- sinl®+ sin2f+ 1 KI 1 - K3 {cos - sin2 t}ﬁﬁ)
- AL R 2 KXo cosz ’("’E Ko costa+ps /3 2
h'T (B)=2m.05 ) 2 2
() . ccesX 1+ bgasp x
S L Ko
cost+ cos R 2
( P
If h'T is zero, we may reason identically and we observe that :
sin « + P o CO$2F sin ®+ B
- cosf + 2cos2f+ KI 2 -XK3 | -sin2 + 2
€ a R Ko 5 cos-w+ F Ko cosleasp 2 co:s3 <+ 3
: ' 2 -T2 2
B C - '2_ 0‘082/3&30(-&& ]
,,( )’:)_-2»‘ a ; : 2
- cos“ X + 1 + 67o<+ é KI
("6) (cosa+ cos jA R 2 Ko

. One may go on with the rea_s_’o'vning and calculate h' P in the event of

h "T - 0. However, the calculation becomes coﬂmpllex'and it is advisable

to refer to the general formula of hTa
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VI - 5 STUDY OF THE ASTIGMATISM AT TANGENTIAL INCIDENCE.

Now we suppose that of # _D_.
2

i.e. sine( =1 cosX = o.

In this case

1 _—sinz/a - 4 + sinf (KI -K3 cosz/s)

L 2 Ko Ko
(q?) | A R cos/B cos /3
i
l 1 I +A4 + sin I* KI
2
l 15 R cos)” cos”f? . Ko

Particular casg,

Let us write that the diff'raction anglef: o

A _ -k +K3 ':
’ZA Ko Ko
1, +_1I + KI
[B R Ko

vihen writing ’PA and,/B have to be positive, obviously we obtain the

condition :

K3 S KL S- I
Ko>Ko> R

EXTENSION OF THE ASTICMATISM'S REDUCTION.

We wrote that the condition

cos — cosf = sin’p + sin<+ sin’/ KI - K3 cos2/5 )
[A R cosX + cos P Ko Ko

was valid for the pair A and Bo.

eifen
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Now, let us write that this condition is not only valid for the Bo point

but also at the vicinity of Bo.

Let us consider the particular concerned case “C = M
2

So, the condition may be written

~-cosf = sin’f + 1 + sin f KI - X3 cosp (4‘+sin/5)

’éA R cosp Ko Ko

We ha\ve[3 =)3o+ © with O small. Let us develd(p,‘ta"k'ing no account of the

terms in 0% or termshigher order in O .

- cos (FM- G) = - cosPO cos 0 +Asinf3o sin 8

2, .. g

= - cos Pe (1 _97/30_ BL)
) 2

ein? (Pe+0) _ ( sinfo cos O + sin B cos Pe)?
R R |

sinZ/s.,( 14+ _0O - 8%)2
67P° 2 )

KI 4+seinlf k1 A+ singo( 4+ 8 - _8%)
Ko cog f Ko cospo : £3po 2

1 +6¢3p°+ (1 +l‘g"/3o ) g2
' 2

- X3 cosp (1+sin/3)=l—_£3_cos/30'1+sin/30(4+ o - 0%
Ko ’ Ko . é'j[’o ’ 2

'1-6(‘:?/30— @z' .
2 ' Y
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) 2
We may group the terms in © and in O

Terms in 6

sinF°-231n2P° + KI sin Po 1 + Lghe (4+sin/3o)

'fA R b?/h . Ko cos/io bj/io cos fo

- K3 sinf cos Po - £q Ppo cos[?o (1 + sin}%)

Ko kg po .
sin Pe -2 sinf® cog P+ KI 1 + by Pe (1 + sin fo )
"-/A R ' Ko cos/So
[ . , |
- K3 |cospo— “9pe (1 + sin flo ) cos fo
Ko

. 2
Terms in O

cos fo . sin2/g°( 4 _ =-1) + KI 1 Q (1 447"/») (1 + sinzpo)
2 “€A R 5‘7‘/30 Ko cos o 2

- sinfo + sinfo | - K3 cos/’o - sinfe - (1 + sinF°) - sinfe
2 Ko 2 2

cos e = cos2Po + KI 2 sin Bo + sin’lo + 1 + K3 cosPoq + 4 sin fo
Ko 2

2 'LDA R ) Ko 2 0053 /30
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S0 we have the equations :

- cosP*  sin®fe + 1 + sinf KI - K3

£y R cospo Ko Ko

cos fo ( 1 + sin fo)

. éim) ?}go - sin2fo+ 1 + sinf® Q - K3 ( cos%/’n-— sir‘.l/zo )
4 R <>082/30 Ko Ko

cosPe 2 cos2Pos (4 +.sinPo)? KI + K3 ( cosf+ 2 sin:2'/1o)
» '!A R co§3P° Ko Ko S

Let us resolve the equations':

- cos P"' sinleo + 1 + gin /e KI '—_K_J_ coslﬁo( 1 + sin[io)

@ ' 'ZA R cos pBo Ko - Ko

@ ) sinP°' sin 2F° +4 + sinbo KI —Qi ( costo-— si.n/%)
£, R : 0082/90 Ko Ko

@ ’ cosfe _ 2 :"‘0"6.92 Po 4+ (4 + sin Fo)zﬂ e K3 ( cosfot+ 2 éin2/39 )
,fA R cosB/Jo ~ Ko Ko

Let us add (D +. () :

[ 3

@ .")...coszfso- ainzﬁoz:" ¥2 + 3 sin fo- sm3,5o _1_&;[_ +3 sin'zle,,ﬁ < ©°
‘ R .’ 0053/Jo Ko 2 Ko

p

voefes
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Let us add @x sinF+ @ b4 co&s)B':

"

®) 2 sin fo — sinsﬁo + (1 sinl"')2 cos/% KI - COSB/!o K3 =o .
R 0052/30 Ko Ko '
Let us write now T L e

@x coszlgo«r @ x 3 SinFo

2 cos4Fo — sinzfo COSZPQ + 6 sinapo -3 sin4/8o +

R

2 + 3 sinff - si'nSFo + 3 sin o + 6 sin2fs + 3 sin3fo KI o

cos fo Ko
Finally we obtain :

KI -_I 2+sin21g cos f

Ko 2R (1 + sinf)3‘ :

:

by repiacing KI by its value in the equation

Ko : o
@ we have :
. . 2 . 2 e .
k3 _ 4 91n/3(2-51n/3)—2+sz.n
Ko R 0093/5 2 (1 + sinf )

For example, by carrying forward the KI and K3 values in the equation

» @ we have . Ko Ko.
"
(43) cosPe _ 2 coszfo - 2 + sin® fo +4 + 4sinle | sinfe(2 - sinzﬁ‘a )
" R 2R (1 + sin/’o)c‘os/%, R coszﬁo
P 5 Yo

-2 + sin2/3°

2 (1 + sings) | R
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VI-5-1- BEING CONDITIONS OF SOLUTIONS

We are going to seewhether, in the case of the holographic grating,
it is pssible to get values of ZC ’QD T and ¢ in such a way that the

Bo point (,/B, Po) may be without astigmatism.

We have seen that when o¢ # mn
2

4 _ -sin®f - 4+ einP (kI - K3 0082/3 )
"(A R cos/3 0092/3 Ko Ko

1 1 +'1+s:'m/s KI

Ko

B R cos cos
£ P 2/3

Let us write that /, and,/B are positive.

We have the unequalities

1 +4+s'm/’_‘xg>o

B cos/i coszl'? . Ko

sin®P + 4 + sinl ( KI -K3 cos2/3 ) <o

R cosfs cosz,z/g : Ko Ko B

or £>--cos/3

Ko R (1 + sinp )
2 3 . 23
KI - K3 cosp - cosf sin®/
Ko Ko R(1+sinp) ,

One can write the fo_llowing system of unequality :
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XTI >-cos£

Ko R ( 4+sin/3)

- KI + K3 0052/3 > cos B sin® P

Ko Ko R(/l +‘sin/5)

which gives the conditions as follows :

K3 coszf - cos/3 sinzﬁ > KI > - cos F
Ko R(1+sin/3) Ko R (1 + sing)

with

KI - cos’z'( - cosch - CcO08 ¥ - c_osrf

ko L Ly R

K3 4 = 4 - cos¥- cosd

Ko ‘(c £p R

We can replace KI and K3 by their value.
Ko Ko

First, let us consider the 'unequality

KI -cos/z with Q -~ I 2+sin2ﬁ
Ko R (1 + sinp ) Ko 2R (1 + sin/s)3

- I 2 + sin‘?fs cos[! - cosf?
2R (1 +sin/3)3 (1 +sin/s) R

_ , |
or 2 + sin‘l <2

. 2
(1 + SJ'.nF) and finally

sin/5 (. sin/3+_L)>o

cos/Z

o)

n® 54
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Let us use the séme method as regards the second unequality

X3 -99;?/3 — cos P ein?p >-_1 2+ sin® cos f3

Ko R (4 + si_n/s) 2R (1 + sinp)3
with x3 .4 sin/a(z - s8in /3) - 2 + gin’/?
e Ko . R cos‘}p‘ , 2 (1 +sinp )

G

So, we obtain :

4 |sin }?’(2-31112/3 )=2 +einz/3 —cos £ sin® P, >~2+ sin /’ cos A
cos/a'f 2(4+siq[§) 4 + sinp 2 (1 +sin/a)3

‘sl.nﬁ<2—sm/3)-2+slnj -cosﬂsmf>-—12+sm/’ 0082/3
< 2 (1+sinp ) 1 + sin 2 (1 + sm/a)3

2 sm/’(4 + sm/’!)(z - sin /3 ) -2-13 sm/; +2$1n/3> —-2+sin ﬁ (1- sm/e)
- (4+sxn/0)
-2 sin3/3+ sin2/3+ 4 sinp-2 > - (24 sin?) (1 - sinP)
V ' 1+ sin/s

Simplifying the previous expression :
.2
-—smﬂ-sin/? + 3 ?0

that is always right.

S’o, the only condition for/3 is Sinp > o0
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S . Pand
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VI-5-~2-ASTIGMATISH IN THE VICINITY OF THE STIGMATIC POINTS

We have seen that there was stigmatic correspondence between a point H

defined by
zﬂ = "‘«% ’
sin FH = msin with m = A}

Ao

and the middle of the grating ( D is at the centre of curvature).

So, the coordinates of A will be :

gA—M/C

smx-%smf’

and the coordinates of B and D :

fB-R £, ==&

b o J oo

More we suppose A = N
2

Under such conditions, the eguations of no-astigmatism can be written :

-1 _ KL -K3
{A L "Ii‘?.@"’ Ko
(54) 0 = KI -K}
Ko Ko
A L2 +K+
4% R Koo Ko
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We had the same equations already in the solution with /f - &=
' A
~ KoK _- 1
Ko Ko
and K1 =~ cos ¥
i
K3 = -cos¥
R
Then it is necessary that ¥ v O
There is no solution.
However, if we consider D‘}?— = 0 as sufiicient, we just need that

. L L Of .
K1 . K3 and it is possible to make the grating wWwith any ¥ angle.

Ko Ko

VI-5-3- FEASIBILITY OF THE GuATING WITHOUT ASTIGMATISH.

2
By writing that JJZ“ o and <> Jq’ . 0 we have seen that some
o o B
values of KI and of X3 allowed to obtain in Bo an image of the point A
Ko Ko
without astigmatism, for the wavelengtih ABO, and more to reduce that

astigmatism around Bo.

o The matter is to know if such a grating is feasible.
0052‘6—- coszJ - cos ¥ - cosJ = KI

/C [D R .

1 - i41 —cos{—coslf = K3
’(C ‘ZD R OO./O.




Jobin-Yvon n® s%

We can obtain 1 and _1 from those equations

L 4y

cosZX— cossz - sinzf (cosK—- cos L/) = KI - K3 cos27{

4?0 R )

(52)
cos> ¥ = coszlf - sinzt[ ( cos B- cos J) - KI -K3 cos2d
/- g
~ The condition to fulfil is - Y

c /°
Ly 7o
Let us suppose X = N and/& = 0.
2

In this case the equations T = O J"f = 0 and DZ‘)? = 0 may

be written : . 3/5 3/‘31
-1 _ K-8
’ZA Ko l.(o

XK _ Q_ I
Ko Ko R
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In that case, we have :

1a__. 1  cos ¥-cosd - 1 sin® ¥
[C R 0032 ¥ - 0082 J
(53)
4 - 1 coe ¥ — cosJ -1 sian
R [D R 0082 X - coszJ
It is necessary that cos T = cos J<1

and : cos‘(<cos J

for obtaining a real solution.

o

VI-6 STUDY OF THE ASTIGMATISM ON THE ROWLAND CIRCLE.

VI-6~1- General Study.

It is a particular and very important case.

Let us consider the general expression of the aberrations :

A = Y2 | cos?® - cosel + cosap— cos [ - (sinX + sinf’) KI

2 £ 4 R 4 R Ko
v 22 4 =—-cosX + 1 - cosP - (sinx+ sin3) K3
2 | 44 R Ay R Ko
30 .. 2. 2
+ Y sin X (cos - co8X) + sin’ (cos“f - cos A )
2 <a <L R {3 <3 R

L

- (sin<+ sin P ) K2

Ko
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+_Y.Z sinX (1 -8 X ) +sinf (4 - cos )
2 ‘a4, "R 23" A R

= (sinX+ sinpP) K4

- Ko
@ ) - . 1.
v ’

+

¢ o0

The notations are :

'Ko = sin‘(- sincf

KI = cos®¥® - cos ¥ - @SZJ - cos ,f)
' R Ay R

K2 = sin¥ ( cos® ¥ — cos X)) -L-‘sin‘/' ('co‘,szif ‘- cos’Af)
| R 4 R <y Ly R -

K3 = 4 -cos‘(—(.4 - cosff)
B R

P24 - SR

K4 = sin'((ﬂ -cos")—sih 1 -cosJ)
A O

We suppose that the point source A and the images B will be on the

Rowland circle, i.e. that the relations

£

A" R cos ¥ A[B = R cos/s are verified. -

Then the aberration equations can be written ':_

A = Y2 - (sinq + sinp) KI

(5") 2 Ko

cerfen
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_ +_Z._2_ sin’ X 4+ sin> [ - (sin &+ sin pB) K3
2 R cosX R cosp . : u Ko
+£_ - (sinx + sin f) X2
2 Ko

L

+Y22 sin3°é +aain‘3/3 -(sin°(+sin/s ) K4
2 R2 cos<2>( R2 0052/3 - Ko

LY

We know that for a conventional concave grating (ruled grating)

KI = K2 = K3 m K] = o

If we want 1) o have the locus of the tangential focus on the

Rowland circle,

2) to have the coma (term in Y3) null on the tangential focus,

3

it is necessary and sufficient that the terms in Y2 and Y~ should be

zero whatever /3 is, .
i.e. that KI = K2 = o

Under these conditions the holographic grating has the same properties
as those of the conventional grating, i.e. tangential's locus : Rowland

circle, coma equal to zero on the targential curve.

For a conventional grating, we see immediately that the residual

aberrations are @

A =22 | sin®x 4+ gin®P
2 | R cos«& R cos 3

(55) | -
+ Y22 sindol  + sin> P

L R2 coszo< R2 0082/3

whereas in the case of holographic grating, they will be as follows :

e
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ceifen

A-2 lans ol (einr sinp) 0

2 R cosx ] co_s/3 Ko
(5¢)
+ Y Z2 si.n'3 s + sin3 P - (sin¥ + 8in K
/3
2 RZ 2 2 2
- COS ol R cos Ko
S0, we can resolve the system '
KI = o
K2 = o
(5%) K3~ - sin°®_ + sin® P | 1
- Ko cos X cos [* ] R (sin+ sin/l)
- h
Kq sind% + gind P | 4
Ko 8 cos®x cos®p  |R? (sin=+ sin” B

in such a way to avoid the aberrations in Z2 (astigmatism) and Y Z2 .

Let us consider the equatfons

- KI = o K2 = o

0082{ - CO08 \6 - co.sz‘[ + COo8 ‘/ o

L R Ly R o

(58)

sin{ ( coszx - cos?f) - 8in J ( cosz‘f - cos‘f) - ©
4 L R £y 'gn R

veef e
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> We h._ave'« H

(59)

OOB-{ -

The system may be Wwritten :

1

’(G 2R
cos / - 1 -
4o " 2R

B X ‘cos¥- Y cos l]- ‘coslr‘ cos J =0

2R

4 7?

| %2 sin ¥ Y2 sind - oin ¥= sin /= o

Those two equations have -an evident solution

<

X = 4
2R

Y= 4
2R

This -sdlution consists in locating the C and D points on the Rowland

circle.

Effectively in that case 4_90' = Rcos S and y = I

C

’(D'.R cos(f and Y = I

2R

2R

But, obviously,that system may be solved in another way.

We may obtain

X =Y cos«f
.COS\(

+

1.

cos Y

( cos¥ - cos‘f)
2R
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By carrying forward in the second eguation

P2
Y cos‘/+ 1 ( cos¥ - cos ff) siny - Y2 sin‘/
cos¥ cos ¥ 2R

- sin“— sin'f =0

2
4R
It is an equation of second degree in Y for which the sum of the
roots is - b
' a i.e.
- cosd (cos Y~ cosJ) sinY¥ x A - b
R cos® < ) e cos’d sin® ¥- sind <

0082 Y

-

So we can find out the second Y2 root by writing

v -cosC/( cos ¥ - cosL/) :ssin“( -1 _Y2 cosd - I
R (cos®d sin¥ - cos®¥sind) 2R 4 2R

1 L = (cos® - cos!f) sin¥
jD R (coszc/ sin ¥ - cos’Y sin (f)

and, by changing (using the symmetry)
cos Y -——3 - cos
sin § ~—--> - sind

1 Lt (gosJ- cos{) sind
'(G R (- 0032‘6 sin J + coschsin )

i/
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1 - ~(cos ¥ - cos J) sin ¥
4 R (cos®d sin ¥ - cosz“(sinz[)
(60) |

1 - ~(cos ¥ - cos ljj sin(j
fc R (cosaJ sin - cos® ¥ sin J)

62

Now it is possible to calculate the coefficients K3 and K4 :
K3.= 1 - _1 - cos¥ - cosd
¢ 4p R
= Qosv - COS J) ( sin® - sintr) - cos¥ - coscf
R (coszJ sinY - cosz\fsin zf) R
= (cos¥ - cos J) (_sin ¥- sin t[) - cos ¥- cosd
R (sin¥ - sind - sinzr-/s;in(+sin%sin(f) R
= cos Y - cosJ - cos ¥- cosd
R (1 + sind sin ¥) R
Finally K3 = ~(cos}¥ - cosff) sin ¥ sin J
(64) R (1 + sin¥sin J)
K4 = sin¥ .( 4 - cos V) - sind ( 4 —cosff)

= -sin ¥ sin J (cos Y- cosJ)
R (cosch sin ¥ = cos®¥ simf)

(A4 -cos¥)+sin Fsind (cos¥ - cos J)
4 R R (coszt'-r sin Y- coszfsinf)

(.1 - cosff)
4y R

. e
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= sin ¥ sin JLcos”o'-- cosJ) 4 - cosd - 4 + cog ©

R (coszJ sin¥ - cos? ‘(sin(/) {D R L R
We identify K3. ,

So :

(62) K4 = + sin’¥ sian(cosf— cos J)Z

R? (cosz(fsin"(- cosszinJ) (1 + sin ’O’Sino()

For resolving our problem : to avoid the astigmatism on the Rowland

circle, we have just to write :

(63) sinZ + sin’P 1 = 1 (cos¥ - cosJ) sin¥ sind

coso cosP singl + sin/% sin ¥ - sind 1 + sin¥ sin J

A Y

More, if we remove the aberration in Y 22, we have then

. gin3% + ginf | 4 = - 1 sinao’sinch(cos'o’— cosJ)z
cos%{ coszfs (sind+sinj'ﬁ) (sin¥-sind) (coszJ 8in Y - coszb’sinty)(wsn'.n‘o’ sin J)




VI - 6 - 2 COMPARISON WITH TWO SOLUTIONS CORRESPONDING TO THE ROWLAND
CIRCLE.

We have geen that if a grating is working on the Rowland circle and
if we want the coma to be null, it results that
KI - K2 = o .

Under such conditions the equation of the aberrant optical path is :

A =% sin‘?a£+sin2/3 - (sin ¥+ sin/ﬂ) K3
Ko
2 R cosq Rcos[!

+ Y 22| sindx + sin P - (sine¢ + sinﬁ) K4
2 2 2 2
R™ cosy R cos s Ko
He noticed that the two equations K1 = 0
K2 -0

led to two groups of solution :

18t group ’(C R cos ¥

'fD - R cos

2nd group [C - R cos3sin ¥ - cos’ ¥ sinJ
- (cos¥ - cos J) gin J

~
o
1

- R coszJ sinY - cosg(sinef
-~ (cos¥ - cos J) sin Y

ceefs
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One may

write ’[C and ,ED under another form

Fogtied »
s -

R einY( 1 - sinzj) - sinJ( 1 - sinz‘o’l

4o

- (cos ¥~ cos J) gin J

s8in § - sin</

cos¥ - cosd

1 + sinTsinJ)
sin o/

Ly =R __ . 1+ sin¥eind
f‘? Y+ sin J
. 2
(e4)
jD - R . 1+ oin¥ sind '
tg x+J sin ¥
2
Let us calculate K3 and K4 in these two groups of solution
' Ko Ko
K3 - _1 -cos¥ - ( _1 —cosJ)
¢ R <D R
K4 - gin ¥ (4 - cosl) —sinJ (A -cosff)
Lo £e R £y 4D R
a) solution ‘/C - Recos ¥
’€D = "R ocos -

Sinzf - sinz,cf
R cosY R oos:f

-cos¥ - ( 1 -cosj):
30055 R

‘K3 - _1
R cosY- R

K3 - - (0087{— COB(S) ( 1 + cosScos‘O’)
R cosy cos

(65)

65

verfen



43

e

K4 - sin¥ ( 1 -cosb’)-sin(f (.4 - oosor)
R cos)¥Y R cosY R R cosd R cosd R
(66> Ky = sin3“6 - sinBJ
I:l2 coszg 32 coszJ

b) Solution with ’gC -_R .4 + gin¥ gin J
'5} ¥+d sind
2
,‘_ﬂD: R 4 + sin¥sind
E} ¥+ J sin J
2
K3 and K4 have already been calculated in those cases {equations
64 and 62 , )
(67) K3 - - (cos¥ - :os:g) sin Ysin J

R (1 + sinYsind)

sinzf sin’/ (cos ¥~ cos J)z

2 (4 + sinY sin J)z (sin ¥ ~ sin:S)

(68) K4

Qo./oo
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He have the two following possibilities :

I II

/KC: R cos Y [C: R . 4+sin)’qif§;

t‘?b’_hé sind
2

’ZD: RCOSJ Ay = R . 'l+sin‘(s;l.nJ

g Wb ein ¥
2
KI - K2 - O KI - K2 -0

_K3 - -(cosb/— cosS) (4+c095 cosY) K4 = -~ (cos¥ - cos‘S) sinb’qinff

R cos<¥ cosd R (1 + sin¥ sind )
K4 - (sin3‘€ - sin3J) 1 ) K4 - sinzlf sinzj (cos ¥ - cos:f)z
cos?y  cosd R? % (1+ sin¥ sinJ)‘2 (sinY - sinJ)

Comment : Considering the solution type I1I

K3 - - (cos¥- coscg) sin¥ sind K4 - sin’¥ sian(cos‘K - coad 12
Ko R (1 + sin¥ sind)(sin¥=sind) Ko RZ (4 + ein¥ sind)? (sinf-gind)2
we observe that K4 - [ K3 2

Ko Ko

coofen
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Under the above mentioned conditions, the focal's heights may be

calculated.
Using the formula (44 )

cos P - cosd+ ein’/ + sinx + sin ! (KI -K3 cosz/i)

'€A R cosx + cosp? Ko Ko
h‘l‘ = Zm X '
2 . .3 .
-_1 cos“< + 4 + sinX + sin/ KI
(cosa+ cos/i) 27 R cos« + cos fA Ko

Under the Rowland conditions /A - R cos &

. “/B: Rcos/3

KI- K2 = 0
cos ' -~ cos X + s:i.n2 L K3 8inX + sin 0082/3
h'I‘ - Zm x R cosX% R Ko cosX + cos/l
. - 1 cos® A+ 1
cosx + cos/3) R R
[5 2 . — . /‘! 2
cos I° - co8 /9- K3 R 8in?l + sin cos ﬁ
h-fr - 7m % cO8 & Ko cosX + cos/’s

1 - cos ¥

cos X+ cos }B

coofen

68
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coofeo

cos P+ cosX - (cosa + cos/i) - K3 R (sinx+ sin'ﬂ)

R ~ Zm coeX cos/‘A Ko
T =
cos PP x cosX + cog=fR. .-
cos o + cosf c:oszfs
. . 20( R ‘2/3 . .
(63) h -2m x (sin +8in“ ) -~ K3 R (sinu+ tun/e) cos/g
T cos 008/3 Ko

In the same way, h‘I‘ ( 5 ) may be calculated in the hypothesis hT -0 \i.e.
if K3 - 1 (sin’X + sin2P) ,
Ko R (sin«+ sinP) cos X cos 3

Deriving the condition 4/2&_-_-' 0 with respect to /’5

2 sinf cos P + sin3 Poo- K3 R cos/,\
2
cos jA cos f3 Ko

One concludes that :

hT(B) -Zmx (ZSin/%+ sin3ﬁ -Q—"‘R%-cos’/s) cos/i .6

(:'Lo) c032/3 Ko

with K3 _
Ko

! (8in’x + gin?f)

R(sinqs+ sin/s) €o8xX  cos p
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VII - STUDY OF THE COMA  IN A TYPICALLY SPECTROGRAPH MOUNTING.

VII - 1 - GENERAL CASE

I - Initially the equations are :

T=o0 005296 - cos ¥ + cos‘?/3 - cosB - (sin« + sin/’) KI =o0

La R I3 R - Ko

C =o sin% (cos2°C - cos¥) + sinﬁ(cos2ﬁ - cos/’ )=(sin¥ + sin/3) K2 =0

dy 4 R by {y R ‘ Ko

The point A ( [A’ o) is the source point to be considered as fixed
with respect to the grating while the position of the image point
B ( QB, P) depends on the wavelength,

If we choose any condition the equation T = o makes possible to define
the locus of the tangential but, generally, the equation C = o will

not be satisfied.

We designate Bo the image of A for the wavelength ’\Bo and we suppose
that Bo is chosen in such a way that the equations T = o and C = o

are simultaneously satisfied.

Then we shall have to determine :

A, Bo, KI and K2 so that not only the equations T = o and C = o
Ko Ko

may be satisfied but also

bAC = fo] b'LAC = [s)

op Dﬁz

cor]n
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Let us consider the équations T = o and C = o

C may be written :

. 2 )
singq, (cos®¢- 1 )2 + Sin/i (cos f - 1) - k¥ (sin(+ sin P )
£, - 2R 43 2r Ko

-1 (sin + sin/ﬂ) =0
48°

With the same change of variable

T may be written :

cos A (cos -_1__) +cos/3 (cosf - 4 ) - KI (sinoa’+ Sin/3 )

2R 45 2R Ko
. - cos(+ cos > = o
2 R
We have : - X = cosX - A1
4a 2R
Y= cosP -1
’/B 2R
We obtain the two equations
= Y - K ino( i - oL =
(4) T=o0 X cos(+ cos/l K_i: (sin + sln[S) cosX + cosl? = o
2 R
C =o0 x% sind +stin/3—(sin°<+sin/3) (K2 + 1) =o
»e
Ko 4R

cedfen
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Il - We may try to seewvwhether it is possible that the two. equations

T =o0 and C = o may be simultaneously satisfied, whatever /‘l is.

C = o can be written :

Xzsin%-sinc&(g + A ) +sinf (Yz-}&%-—_l__) =0
Ko 2 Ko 4R2

4R

If this equation is zero, whatever /3 is, that involves that

simultaneously :

x? sine - sino (k2 +_a_ ) = o
Ko 4R2
(%2) ) | -
Y2 - K2 -1 = 0
’ Ko 48?

with K2 > -4
Ko :

(
47> §
(
(
(
(

>
|
1+
7:|x
o Vo
+
FO N
o
N

80

(41)

<
B
1+
S
+
KN

For the time being we do not discuss the signs' meaning.
We notice that those relations imply X = + X,

Let us carry forward the values of X and Y in the equation T = o

cosf - KI (sin>+ sinf3)
2 [5 Ko . ﬁ

- cos¥ + cosP- o

2R

This equation is to be valid whatever /3 is.
Let us remark that the choice of the sign + or - before the
first term don't lead to the choice of the sign before the

second term.

cesfeo :
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We have cos]%: 1 - t2
2
1+ 1
t = tg f
2
sin}3- 2 t
1+ t2‘
The coefficients of t2, t and the independarnt $&rm 8F t must be equal
to zero.
The only term's coefficient in t is KI  —=——- > KI =0
- Ko . Ko
Then, the equation can be written :
coso/ | + K2 + _ 1 - +cos[3: K2 + 1 -1 =0
Ko 4R2 2R Ko 4R2 2R
The only solution is K2 + _1 - 1
‘ Ko 4R2 4R2

The equations T = o and C = o become then the equations of a conventional

grating and we obtain the Rowland circle solution.

Yet, it does not mean that it is necessarily a conventional grating,

i.e. that,fc = %b = <2 when writing KI - K2 = o.
We shall demonstrate that a holographic grating used under such
conditions may have a lower astigmatism than a conventional grating.

Conclusion : The only solution to have T = o and C o satisfied

is to obtain simultaneously

- KI = 0 "

K2 = 0

whatever /3 is.

. -
b—qf"’m R

ceifor
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III - Let us consider the equations T = o and C = o0 as follows :

cos®X ~ cos® + cos’ff - cosP - (sinX + sinf ) KI = o
Ly R Ly B Ko

sin ( cos? - cosX ) + sinf - cos>f - cos/l )-(sin+ sinP ) K2 = o
4, 2y R 4" 1B R | Ko

Then we are going to determine the parameters /504 ’ '/Bo K1 and K2
in such a way that, these two equations being satisfied, we might

have in addition :

DC = 0 : BLC =0
DP P s po DPI /5:[30

In order to simplify we shall write :

P = coszot - cos ¥ - ginX K1

[A R Ko
o 2 .

Q = sinX ( cos -cos ) - sin K2
L R Ko

Then the equations can be written as follows :

T-coszﬁ-cos/?—g sin/3 + P = o
Ko

(33) 143 R

C-sinP(coszp - cos P ) - K2 sin/3+Q =0

‘gB 'eB R Ko

System equivalent to :

. coszf‘ - cosp - KI sinP + P=o
‘€]3 R Ko

(#4)

sin P (x1 sinfi- P ) -K2 sinP +Q =o
: {
,FB Ko Ko
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The essential fact is to keep thoroughly the right position on the tan-

gential.

Therefore, from T = o we are going to obtain A with [5 = fo+ o
A TB

and the value will be cai‘ried forward in the equation C = o.

From T = o we have _A1 = 4 +~ 8in /5 KT - P

——

{B RC-JS[S c'.‘-szfs Knr v?osz/’a

~ Let us develop with/i = Po+@

82

cos (/50+ B) = cos/i,, cos O -~ sin/3° gin O cos Oy1 -
2
cos (Po+8) - cosFo -0 sin Po - _O_i cos /30 sin O w0

: 2 E by keeping within bounds
= COS8 Fo ( 1 _6 ¢ ?Fo - 62’ ) ( » of SGCOpd degree.
2 (
: _ (
(3 2 ( 4 14+ x + X% 4 ...
4 2 1 +8t?[ao+( I +t? po )0 { -
cos( Fo‘*‘@) cos fo ; 2 A | 1- x )
' _’é:x’@t?PO +,_?2_
N o0 ( 2 ,
1 1 14 + 28&;/3”(1»,3&}‘/5.)\‘9'2,;- g x® - 0¥ Eg%f

cos? (F 0+0) 0082/30

isin (/’o+ Q) = sinfé Fos 6+ ?ine cos./5o -
'sinP;'--'(/\ + 6 - b%

f;Po 2

S0 ¢ .
1 A 11 +Dt7po + (1 +f;z/;o) 62

43 R cos/3o 2

2
+ KI sin’ )3_°, 1+ 6 - b 1+2 @t-’?,/’o +@+3 (‘77,"/30 ) 62
Ko coszfo bj/So 2 :

v
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- P [4+29"j[’o+(’]+3(7‘/30 )~02Jc

0082/50
b i [ 1P v (2 +*z°/’°’02}
"213 R cos fo 2

+ KI sin P* 1 + (4 +2l‘:7/30‘)8+(5+>362&/3°)92
o

Ko 0082/% tj/sa
- P {’]+2(9(“?[39+(1+3b'j&/50 )(92"
cosz/’° N

L4

Let us consider now the coma's expression :
. ]

Ae= KI sin2/3—Psin/B - K2 sin/B¥Q
Ko 4y . Ko

si}'xz (/3°+9) =si'n2/io[’l+ 2 6 + (1 -;1)02 )
é‘?/’bo 57"/50 .

KI sinf -3 KI sin2/ +(KI)2 sin®/” - P KI sin?/?

% Ko '{B Ko Rcosf' Ko coszf Ko 0082/3
é o ;
é -Psinf - P sinf -PXI sin?f + P° gin F
( !B R cos/3 Ko 0052/3 _ _ coszﬁ
(15) § '
-K2 sinp
L%J: Ko
( + q
(

Let us consider the terms one by one :
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el

KI sin2/3_ KI ,sin2/‘5° ’l+8(é’7/3o +__2 ) +
Ko 3003/5 R Ko GOS/ao 67/50 2
(1 +tgz/5,,-4+ 1 + 2)0

2 tgzpo

= KI ein<fo 1+ ((tgpo + 2 )(9+(_§_+7 ot A )0
(?G) - é? /'50 2 (.L;"’po -

R Ko cos /30

—P_K_I_"‘“sirfgfg = - PXI sin? Bo [‘I+ (1 +2¢7/30)@+

Ko cosz/?. Ko COBZPD Egpo
(5 +3692p )02 {14y _O - 6°
2 Eqpe 2

= - PKI sinPe (4 + (_A +2L‘7/’o+4_)‘9+(2*3‘7/’;'5
Ko 0032/59 l‘?/éo ‘ bjﬁ". 2 2

+ 4 + 2)82J
Eg*po

(#1) | . _ P kI sin2Pe [1+(2 bgPor 2 ) O+ (4 + 369%m0+ A )02J

Ko 00.82/’0 (:2./!0 _ é,;a/;a
KI : sin® f _[ KL 2 gin3po l—‘1+(2 6’(7/’0+ 2 ) 0O+(4+3 bj"/io + I )02
Xo cosz/-’ Ko cosa/"o €30 &?"ﬁo
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) .
= [ KI sin° ° [4 + (269/30 + 2+ A )B ¢ (4365 4_a
e tppe | 7o

-1 + 2 +_2 )6 ZJ
2 Egtpo

(38) | = (KLY o sindfe 4+ (2egpor 3 )0+ (114 3egiper 3 )02
0082/30 bjf" 2 ' "?;/]"

—Psin/g=—2 sinﬁ(4+ 6 . 62)l1 +9t}/so+(i+t7b/so)(92

R 008/5 R cosfo é‘;)% 2 2 j

-Psinft 1A+ (4« t;/:;)@ v ptpe - Lo+ )07
R cos fo C‘?Po 2 2 J

-pmafe |1+ (1 +7f*o>a+<4+f;*po>‘&2}
(%) R cos/‘io éj/‘io

- P KI sinzf’ term identical with the above calculated one.

Ko 0082/5
+ P gin P P? sinfo |44 20604 (14 365%p) 00
ogazﬁ 0032/50 _
(1 + 9 - (97‘)
b3 po 2
- PP ginfe | 44 (2bgper A VB + (14365 r2- 1)0 7
cos2/3o_ l‘}/so 2

e/
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(80) | = p? sin2P° 1+ (265p+ 4 )OO+ ( 5+ -36;‘/30)8 2
cos Po €13,
P Ny 7 2 B
- K2 sin/’ - ‘W— _K_2 sinfo(’l + e - - _(9_2__ ) (84)
Ko Ko l-;/so 2

+Q

Classifying, we obtain as follows :

C = KI sin? Po 4+(f‘7,[30+ )9+(3+t‘7"}3o+ )(92
Ko R cosfo £ pe 2 “} “po J

€ap 2 fﬁ Pe

coszflo

+(KI)2 sin3P°[4 +(2L'?/3o+ 3 )0+ (11+3(:; o+ )(92

2 ' 2
- 2P KI sin2 /14 +(265pr 2 )0+ (4 + 369%,+ 4 )0
Ko cosz/io [ é?/3 (7/, ‘-7’ Pe :

P_sin f° r'1 + (E4po+ _4__ )0+ (1 +‘7}‘/So)62

R cos e . t?/"’

(82)

[
+ P2 gin o g +(2b7/>o + 1 O+ (5 +3¢‘7?/3,,)<92

ooszﬁo 3 ' r?/@fa 2
' 2
- X2 sin /30 (1 + o - 4
Ko : 6'7'/30 2
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So, this is the expansion of

AC = KI sinf - p sinf - K2 sin/3 +Q

Ko '{B ’éB Ko

with P = 0052°( - cos¥ - sin°<£I_ = - 0032/50 - cos/?»— sinﬂ,_l_(_l_
45 R Ko I3, R Ko

Q=sinX (cosz°4 ~ co8%) - 8inXK2 = -~ | sin Po (coszf’o— cos f°) - sin Lo K2
< Ly R Ko L Lro R Ko

As it is supposed the equations T = o and C = o are satisfied for the
pair (A Bo), obviously, if we substitute P and Q for their Po value

into the equationAC = ««.y the independant terms of O have to disappear.

We can check it :

2
AC = KI_ sin?pe 4 KI) sindfo -2 P KI sin?fe -

R Ko c.os/h) Ko sina/io Ko cos /30

2

P gin o+ P gin Po - K2 sin/3o + Q

R cos Po cosz/lo Ko

= KI sin2P° + [ KI 2 sin3P° - 2 KI sin2/s° (0082/30 -
KoR cos P'o Ko 0082/50 Ko c:‘asz/’o ‘éBo

.y

cos * - KI sinfo) + (6082/10 - cosfe - KI sinfo) sin /o

[ .
R Ko Bo R Ko R cos /30

+(c.:os2 Peo - cos o -}_(_I_ sinfo)2 gin [30 - K2 sin /30
’eBo o Ko cos2/3¢‘ Ko

ceifes



n® g4
Jobin-Yvon

- sin_Pe (0082/3° ~cosfe) 4+ K2 Asin/io =
45, ,éBo R Ko '

Qcoszla"-.cosP‘) (coszﬁ‘ - 08 Po ) sin Bs sinfe - sin o = 0
4Bo R 4B R cosz/ﬁo R cos/3o "'pBo

Let us determine now the terms in & and o2 by substituting into (6)

P and Q@ for their value.

a) Term in KI sin2£°

R Ko cosﬁe

K sin® Pl s (Gpev 2 YO+ B +Etpr 2 )07
€3 P 2 £7Pe

- KI sin® P° [ 4 +(é~;p,, + 1 )6+ (1 +é*;*[,°)0"2

R Ko cos /30 “’;/bo
- KI 'sinzp" & + (-_1- + 4 )02
- (EE,.)&- "~ "R Ko cos fo «’77 o 2 b—; “Ps

: .2
b) Term in (E) sin3 o

K2 cosaj’o

o

(_K_I.> sin’ P FH(27/3o+;';3___)0+(1_1_+377,0+_1'_)02
Ko/ coézﬁo P 2 €7 pe

[
-2 [kx) mindfeia  (265p0 ¢ 2 )0+ (40 365% v 4 )OP
Ko coszﬁoL ,5;/30 (71/50

ee]..
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-2 R Po ) L 2 2
+ (_Ig sin 1 + (2 ;Fo+ 4 ) +(2.+3C‘;/50)0
| K2 0082/30 : €5 Po 2

(84) - (Q)Z sin> ° 1 O 2
- Ko coszpo 6§L/}°. ‘

c) Term in 2 KI sin” f* ( cosj’£° - cos fo)
' Ko cosz/io jBo R

= 2K sin?l* (cos®Pe - cosfe ) |1 + (26gper _2 )6 +(4r3éme_T )P
. Ko cosz/io *gBo R 67/30 f‘}’*)!o

r N .
-~ 2 KI sin P (coszf"’— cosP° )| 4 + (2"}/30 + 1 )(9-+(_§+3l’;’-/3o)02
Ko 0082/30 4p, R ‘7/3" 2

(85) =2 KI sin®fe (cos®Pe-coafe) | _ O +(3 +_a_ )0
Ko cos2/3° <Bo R €4 po 2 b9%Po

d)~ Term in K2 sin /30 :

Ko
6 2
- Q sin /’o 1 + @ - + .1_(_2- sin Fo
Ko b'g po 2 ] . ,:}So: .
(36) - -x2 sinp, |_O -8
L Ko _ é? /’o 2 .J
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e) Left terms.

(0052{3"- cos *) {(coszf" - cos P°) sin fr r"|+(2 é‘;[jo + 4 )6

“gBo R [Bo R cosz/’o i 67/)0

+ (5 +36;“/’o)<92J +osinfe 1% (gpoea )0
2 Rcos/’o | “2/30

+ (4 +57Po )'(92] - sinf®
ZBo

- (gos,2/3° - cos P°)

gin f [(26j/50+ 14 )0 + (2+3¢‘72'/3,) (92J

5o R £, 7 fe 2
(8}) : + sin [° [—- b;/ﬂo 5-(_3_ +2t72.ﬁ°)62]
R cos/’é 2 .

Classifying we obtain as follows :

ACa KI sin?pPe % + (14 + 1 )52J
R Ko cosfe f;/"o 2 é;‘/So

+ 2 KI sin2F°(cosaf° -cos/s°)_ o + (3 + 1 )92
Ko 0082/2° [BO R

-k eifo|_O0 - 0%
Ko f'j/So 2



~ n® 84

Jobin-Yvon

+(c032P° - cosls) tsinF"l@‘-L fo+ A )O+(5+36;/’ )@2]
'éBo R jBo t;/:o 2

- _Cgpe [b; /‘019+ (3 +2 b;’/io) 5 2

R

Term of first order in o.

KI sin/ﬁ‘o - K2 cos ]50 o+
R Ko Ko

2
(c082/5° - cos P°) {25_{ sin” Bo 1 +

R [ ‘ Ko cos2/3° .67/50

gin P® 25’7/3°+ 1 ) - fL"&_
5, 9o R
—-lg'— sin r° ~ X2 cos /30 + ,(:coszlﬂ" - cos Le) [ 2 .[_(.5 ejﬁ"
. R Ko Ko R 5 R [ Ko | "
(38) | ‘ ’
- + sin P ( 2'“5/593-*' 1) - 3P |
Bo o Egpe R

Term of second order an D .

Lre

KT sin®Pe( 4 +_4_.) +<K_f>2 sin ffo

R Ko ~ cos/io 2 ";L/h Ko
(2‘5) +2K162P(cos Bo - cos P°) 3 + ) + k2 sin P°. eq'
L5 R O~ 2 ‘L; Pe Ko 2
,+(°092P° - cos Ir sin F°

B0 R LB,

(5 +364%8, ) _ €5, 1
2 3677 ) L/;—-'(%+257[5°).
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e must add to those equations T = o

C=o0

VI-2- STUDY OF THE PARTICULAR SOLUTION : Bo ON THE ROWLAND CIRCLE.

Let us consider the equations T = o0 and C = o written as follows (Z{)

coszﬁ"—cosﬁ(’— KI sin‘[)o+P-o
‘éBo R Ko -

sin [o ( KI sin/%—P) - K2 sin[’o + Q= o0

“gBo Ko Ko
An evident solution of C = o is P = KI sin /30
Ko
b o= o

Q = K2 sin /30
‘ Ko

If we carry forward P in T = 0o it results that

0082 /3" - COS8 Bo m 0

L3 R

———% Bo is over the Rowland circle; yet it is not proved that A is over
the Rowland circle, namely that the spectrum is not necessarily

spreading over the Rowland circle.

cerfe.
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Fig. n° 4$
So, we have : >
I_CLsin/’O-P-cos%-—cos"( - sin<( KI
Ko _fA R Ko
(90) K2 sin /50- Q. = gin %X (cosz°4 - cos X) ~ gin X K2
Ko jA ‘?A R Ko
Bo - R c‘os/:\o
(

Let us’ use the equations (88) and (39) for that specific case

X1 sin [30— K2 cos‘}’So' = 0 - (94)
"R Ko Ko :
5 2
kI sin” e ( 1+ 1 )+ [KI sin/‘i°+ K2 sin Bom o (82)
R Ko 008/30 2 f}*/’bor Ko Ko 2 ‘

coifen
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We can write (92) taking account of (34) :

| 2
KI sin® e (1.+_1 ) + (ﬂ) sin[)o+ KI _lsin2ﬁ° =0

R Ko cos ps 2 f;")’o Ko R KXo 2 cos/’o
We may divide by KI ———— —7 KI ? °

Ko _ ‘ Ko

1. gin®fo (ifl +_1_ ) + K sinfo = o

R cosfo ‘t(j l/a" Ko sin/‘30 i o

'_‘....'_; KI =~ a4 (€zpo+_4 )
. Ko R £5 po

k2 = I KL ‘jpo= =1 (;1“7&/30:)_

Ko R Ko : R2

Finally )

' KI--J_'(é;/Bo‘r A )=-1 _ 1
"R tj—/"’ "R sinp,cos Ao
5 , : / / (83)

K2 = -1 !
Ko . R? 0082[50

Let us introduce into the tangential :

'c~:o:s‘2‘=C - cosX + coszla- cos F - (sinx + sin/i) KI =o0

’eﬂ . R ,(B R . KO-

— é cos’X - cosX + (sino(+ sin/so) 1 -0
.(A R - - - R sin/’ocos/ao_
(9y4) to which we must add :
g ' sin o + sin /5- A (8in¥ - sin J)
T Xo
Ko = sin Y- sind ' R
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Let us introduce into the coma : - P .o, P

8in¥ (cosz"(- cos )+ sinP‘(cosZ[“ - cos fo)=( sin + sin/? ) K2 = o
Ly L R Lo ‘o R Ko

(99) ain (0032“( - cosX ) + (sin¥ + sinfo) = 0

2y <a R

' R2 0032/30

VII-3- DETERMINATION OF USE CONDITIONS.

From the above mentioned equations, we have to find out whether it may be

effectively possible to determine the ZA ‘/B . and /30 values.

From the equations (94) and (95) we have :

Sino(’ - (Bin°(+ sin Fo) + sinﬁ( + sin/ai’ = 0

¢
'(A R sin/Jo cos/% R? 0082 /30

We divide by sine + sin Po

cos fs
— 2, = R sin & (96) Conclusion : % and /% have to be of same
A é’?/;,, : sign.

More, we know that jBo =R cos/3°

¢

( sin&X s..:Ln /5 o

50 2 '[A . ’(Bo .. “ S e & apetae,

By carrying forward (96) in (94) or in (95), we have

2 . .
cos® % - cos X + 8in® + ginPe = o

R sin® R R sinfo cos[’o
t o )
i | eifen
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cos’ t7/3° - cos A + sin=+ sinfo = o

sin/ﬂocos Po

8in <

(93) cos < ( (_Zﬁ° -1) | + ginX+ ginfe = o
: L‘j o
sin/?o cos /30

This is the relation that must link * and ﬁ so0 as to be able to use
the grating, providing that it might be possible to do it.

We may try to transform the relation (9}) by using the following

notations W = o 4 P X T
2
Y= x-P
2
(33) may be written :
cos= (sin f* cos ¥ ~ I) + sinot+ sin P = o
cos}"o sin &« sin /’o cos/lo

cosX (sin/‘l cos® - cos Bsind) + sinX + sinf° = o

8in™ sin/Bo
cos Xsin ({3-0() + 2 sinw cos(f = o ‘

- 2 cosX sinX - P cog X - B + 2 sinw cos Y=o
2 2

cos X = gin W (93)
sin LP

VII-4- DETERMINATION OF .MANUFACTURING CONDITIONS.

The question is to determine {[C J‘/D in such a way that :



NN

Simplify'ing hypothesis :

We suhpose /D = R coszf

Jobin-Yvon

8

coe? T - cos ¥ - (cosz‘[ - cos‘/)

4

K2 = éin'((cosz{— cos ¥) - sin ff(cosz/- cos J) .

R

“gD R

2,

Ko

L

sin'{- sinrf

R AZD""/D

i.e. that D point on the Rowland circle.

X

K2

S50

- 0082(—0051{ = - Ko

e

R

R sin/i,, cos/io

= sin¥ (cosz'( -~ cos ¥) = - Ko

/C /C R Rz COS/3o
Q - sm{
e
1 - K2 o f
{G KI sin ¥ R sin¥

'/C 7’0

Conclusion : [5 and ¥ have to be of same sign.

R

By carrying ‘forward in KI :

c0s°¥ + (9B - cos X

R sin ¥

R

= - sinf - sinff

R sin/s cosﬁ

n°gep

ceuf-.
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cosaft?«ﬁ

Es P

-cosb’sin‘o/-—sinz“of +sinJ sin\(

sin/! cosf sin)‘ cos/%

_t'}‘(-- bg’LY+sinLr sin ¥
sin/3 cosa/a sin/s cos/3 cosz"(

that may be also written :

costt?/’ -~cos ¥ = - Ko

R 8in¥ R R sin/’ cos [
{

or

9P - t3¥ - — kI sin Y

e may transform :

sin (/3 - )

(99)
sin/s cosfs cos2 ¥
sin I -sin{_— f,?'z‘\( + sinJ gin ¥
cos/S cos ¥ sin/i cos/j sin/5 cos)’i 0052 18
sin (P—\() - - 5in° Y + sind ein ¥
cos Ksin/g sin/! cos ¥
= sin ¥ (- sin ¥+ sin J-)
sin fcos ¥
sin (f-¥) = - Ko sin¥ | (100)

Conclusion

sin[3 cos¥§

As /; and ¥ are of same sign and that Ko > 0, ‘(must be >/3

eoifen
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Let us take a simple numerical example :

¥ - 600

/3-300 —;-KO\,.} 1
2 2

>
M
[N

Ko = 4 . 0,1443
4 V3

sinff- siny — Ko = 0,7217,

J o 460 193
fc-ns'm{ = 1,5R .
('?/3
sine( + sin/3- A Ko

Ao

Let us choose arbitrarily o = 45°

—> V2 o+ 4 _ _A_ x0,1443
2 2 4880
A =14 + V2 1:4880__4,19/4l
2  0.1443

{, = Rx0,701 _ 1,2247 R ’

0,5773
{5 =R cosp= 0,886 R
[D - R COBJ- 0,6922 R

é

One could check that the equations T = 0, C = o WZC, (6= o) and
>

d ¢ (8%= o) are effectively zero with those parameters.

o pr o]
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The choice is not attractive as it leads to A Bo ™ 4,19 B Ho_wever,
it proves the feasibility of the system in spite of conditions arbitra-
rily given ( [B = R cosfd - ’/D = Rocos d ).

Comment : For having a large number of grooves, which seems interesting

for the far U V region, Ko must be large; so, if possaible,

o

¥ and Jmust be of opposite sign.

Let us consider the equation (6‘)) under .the following form :

‘til\( _é'}*(.,. b’?/s =~sin¢f sin ¥

sin)'a' cos/3 sinF cosF cosz'o’ .

Since ¥ and /3 are of same sign

Let us suppose ¥ andf’)o it needs e[<o

— tz'b‘(_ fjr+ 'v"jﬁ Ko
sin/icos/l'

The minimum of the function is achieved, -

for t‘fgh’= - "3 = .gin P cos f . &
2aQ 2

.2 2 '
— Sin P cosp _ sipF cof e+ t‘y-/-‘- tsp - sin  cos P

4 sinP cos[i 2 2

_— sinP (.1 - cosP ) <o

.cos 3 4

Since f o 1 < cos P
cos/s
—— cos2/3 > 4 impossible.

We can choose the sign for ¥ and,B arbitrarily. If we choose it

negative, the same reasoning leads to the same impossibility.

e
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————% In this simplifying hypothesis
/B = R cos/3

'/D - Rocosd

it ismimpoysible to obtain ¥ and Jwith opposite sign.

The minimum value is reached for tj‘o/- gin 2 cos 3

2
—3 sind sin<¥ . sin/} (1 - cos )
sinf c‘osfcoszb’ 005/3_ 4

sinJ l_ sin (4 - coszlfs )

cos¥ cos/3

sin‘f- 2 cos¥E3P (4 - 0052/5)

In this case sin (f-¥) = - Ko sin¥ may be written

sin/3 cosY

,~sin (P - %) = - Ko cos/-sy
' 2

Ko =~-23gin (A-7%)
cos/3

Let us resume the study in the general case.

"GENERAL CASEs

Let us consider the equation (8§) and (89)

K2 = KI l‘j/io + @032[30 - cos Be) | 2 KI sin Fo +
2
Ko R Ko ‘eBo R o Ko cos /30

b?F“’ (269%Bo+ 1) - (.70/3"
'fBo' é’?/’o Rcos/la

/..
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Under those conditions; the equation (57) may be written :

KI sin /30 + KI  (8in° Po + cos Pot (';Po sin ffo )
Ko R Ko 2cos/‘-’>o 2 |

+ 2 KI (coszf" - cosl?) (363 Bs + 4 + sin o sin *e )
' 2

Ko gBo R 2 co szpo

+(c032/3°— cos P°) | sin Po (5 +3 f’j "/30 )- _t'zP_o(3+2 tja/“)‘“ﬂiﬂﬂ(zta;l’oﬂ )“E-B.PL tjb/a"
4 Bo R Ay, 2 . 2 2Re0spo

We 'can write :

1 ¥
KI sinP°+ KI 1 + 2 (0052/’° - cosfe) ( 285 ‘pot 1)
Ko Ko R cos]’ﬂo '(Bo R ‘

(1)

+ (0032/"’ - coaPo) gin fo (3 + 44’?"/3,, )~ 6’2 P (3+ 5 t;"/a,,)
jBo - R R 2 2

So, we have an equation of second degree in (g_). ‘
' ' Ko

We are going to study the discriminant of that equation so as to determine

what are the being conditions of roots.

L]
A-bz—a\.c

' %
First, let us calculate b by developing

b = 4 + (c082P° - cosPo) (2 tg‘/)” 4) =
R

2 R cos[)ov jBo
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- A4 + sin2/9°+ 1 (4 - 2 sinPo cos Ao - cos fe )
5o R 2 co8 fig cosz/% L

- 4+ sin2fo 4+ 4 (4 '-fi'zi‘sin2/3° -2 coszf")

s
o
=}

=}

2 cos/’o

(-4. + 2 sin® Po )

[ |
N -
.
£
[J8]
o
+
W

jBo 2 cos/"o

! ) )
b -»1+sin2/3" - 1 ’1+2$in2/3° -
«ZBo R 2 coslao
t
b2 (4 + sin’fe)? + 4 1+ 4 sin® Po + 4 sin® Po
)
/{Bo 4 R2 coszflo

-1+ 3 sinz/Jo + 2 sin4/3°

R'(Bo cds/go

- Al

(cos2fo - cosPe) | - sipzp° (3+4 f?°/30.)+ sin> /3 (_3_+_§ t7:./;° )

’eBo . R [Bo A - R cos/iu'2 2

1 (-3 sinz/lo coszlao -4 sin4/3o ) - sinzﬁog_ + 2 sin2/’°)
. . 2
szo R 2 2 coszﬂv

L 4

L)
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+ _sin®Fo cos fo (3 +_§‘7"F°)+(3+4‘5’7”/’°)

‘eBo R 2 2
b2 . eca a) Term in 1
2
/B o
. )
4 4 + 2 sinzfib + sin4/30 -3 sinzﬁo coszfo' - 4 sin4 Fo ‘-
4% ' it
]
| 2 2 2 2
1+Zsin/30—3sin)30(cos/3o+siq/‘;) -
L 4
(1 - sin2f° ) = cosz/-’o
2
—-——> Term in __ A1 - _E_O.i_/,_"_
2
/B o 1%
¢ b) ‘Term in A
. 32
- )
1 14+ 4 sin4[!o + 4 ain2/Bo -6 sin2/30 coszpo - 10 sin4/90
41{2 cos2/so i
- A [ 1 -6 sin‘}}o + 4 sinz/ﬁo - 6 81112/30. 0032/30 -
2 2 -
4R cos/ao
1 1 - 6. sihz/‘so (sin2/3°+ 0082/30 )+4‘sin2/7o = 1—25:'Ln2 Po
4R2 coszf:o _ | a 4R2 0032/30

——=3 Term in ~_A__ -4 = 2 sin°P°

R2 4 R2 0082/3., '




n° 9% \.

Jobin-Yvon

c) Term in 1

Bo R
1 9 sinz/!o cos2[3o + 13 sin4/io -2 -6 sin2/ao- 4 sin4/so
“eBoR 003/)0
- 1 9 Sin2/30 cosz/sa + 9 sin(}!o -2 =6 Binzﬁo
2 [BOR cosls,,
- 1 9 sinz/‘lo— 6 sinzpo -2

2 _[BOR cosro

~——=3> Term 1

~==-> The discriminant

A = c082/d° +1 = 2 sinzp" + 3 sin2/3° -2 (402)

48" 4 r? 0082/30 2 /Bo R coslso.

A must be > O.

So, let us investigate if the trinome in _A1 has real roots.

5o
vafes
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cos’2 Po + A_LsinZ/BD- 2 + 14 =2 s.jlnzf”o
3
'éB o

2 'ZBOR 008/30 4 R2 0082[30

The roots will be :

r .
1__ _A 2 - 3 sin’fe + \ [(3 sin%B-0 )2~ 4c082he (4 - 2 sin® o)

'éBo 2 cosz/io 2 cos FO 4 cosz/u 4 cosz/% J
- 1 2 = BSinzfjo + 1 \V(%,ibzfo —2)2— 4 cosz/lo('] -2 sinz/)o)

2 cosz/lo 2 cos fo 2 cosiso : J

Let us explain the term under \/

9 sin4/’o - 12 sinaﬁo + 4 -4 0082/50 + 8 siﬁzfio coszpo -

sin4/3o + 8 siﬁzfﬁo (sinz/ﬂw 0032/30) - 12 s.inzfjo- 4 0032/30 + 4 =

%

gin4/’o- 4 sinzfo— 4 0082f0+‘4 - sin4/?o

80 ué have the foll'owing roots :

1 - A ) ( 2 -3 Sirlz/% + sin2/90)
5o 1 co33;50
- 4. = A (2-4sin2/30) -4-Zsin2P°
2
(Bo 4 cos /30 2 cos3 /30
4 -1 (2—2fsin2/io)- 1
'ZBo 4 cos3/3° 2 cos/'io
80 3
‘gBo = 2 R cos”f°

1A -2 sin2/3o _ |
(’1:03)
jBo = 2 R cos /“
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Let us see under such condition
cos> Po >0
2

1'—'281!1/36

as 008/30- ‘;s > 0 it needAs /1 - 2 sin2/3° >o
" S 2
sin /Bo<j_
2

— <O

N

Fig. n® 46 ' coofo

The red zones are the only ones far which we get a real value of KI.
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We may easily demonstrate that, in any case,

1-2sm2/”°< 1 .

2Rcos3/$ 2Rcos/3

INTERPRETATION

Fig. n® 4%
L 2 “:‘-,‘/! end
= allowe&d zones
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VII-5- STUDY OF THE LIMITATIONS

We can use the fdllowing equations;:'

T =0 cog® - cos¥ ¥ coszf - cos B - ( sin¥X+ sinp } KI = o
£a R 15 R Ko

C =0 8in& ( cosz°< - cos¥ )+sin{3(cosap - cosf)- (sin¥ + sin/’) K2 = o

A Aa R %5 45 n - Ko

Jc -0 —» KI sinﬁo - K2 - cos o+ (cosapo - cos Fe) [2 KI 6;/5,
0 Ik -~ R Ko Ko - - i:»_“'. : ‘{BO R Ko

+sm/5° (26;/’0‘9' 4 ) - E3%Be} =0

'(Bo t?P" S R
. ’ : ' 2 '
0'C a0 —3 KI gin®Po (4 + 4 )+ (KL sinpo -
,)/31, . R Ko cospo 2. .,¢-‘7‘/% K2 L
®.

+ 2 KI t;"/ao( 0082P°- cos [o) (3 +_1 ) + K2 - sin /é°

Ko Bo - R 2 €9%pe Ko 2

+ (cosz/-“’° - cosP)

ABo R Bo 2 R 2
) . . ’ .. . &C ' ozc— ~_.'.
First, let us transform the equations and :

oS | 3)31”
EL s‘ihfo.. k2 cosﬁ"* 2 I '°°BZIB°Bin Ps + 0032/3° s.{n'P“ 25}'"1’" Ml
R. Ko ' Ko KO[.BO - cospo et Egpo

2 N L. -
- gin P“ - 2 KI- sj_nlBo - cosPoskin/g" 2[‘3"P°+ 4 + sin2 /3°A
RApy - RK Rb  FIF cosper®

oo/

-.-s}nﬁ’o( 5+ 353"/3.) - 5;2./50 (3+2 f‘j"ﬁ»o) =Q



Jobin-Yvon

o

- KI sinfo~ K2 cosfo+ 2 KI

n° 403

sin/:ocos/@n 0033/3° 2 sin2/30+ coszlh

R Ko Ko Ko,fBo £3% cos3/Bo
- sin’Pe - 0032/50( 2 sinpo+ cos2/3°) + sin Po = o
Rl R[Bo cos® Po 8% cos Po
Finally :
dc .,
op
- KT sinPo- K2 cos[lo+ 2 KI sin/lo cos/}°+ cos/3o( 1 + sinzﬁo )
. 104
R Ko Ko KofBo ’éBbo (104)

-1+ 2 Sin2}30 + sin2/3°' )
2

RZBO R cosPo
2

Equation 3 c

B B

2 2 2 2
KI _ sin“P° (1 + 2 cos®Pe) + [KI) sinfo+ KI sin® Po (345 *pos 2)
R Ko 2 cos/% sinaﬁo Ko Ko {Bo ’5'7."/”
- KI sinzPo 3E3%Bor2 + K2 sin fo + cosZ/’O sin o 5 4+ 6 £5tpo
Ko R cos o b?‘[’o Ko 2 L, 2

+ cos Po sin fo

3 + 4 9% — cosfosinfe

5+ 6¢3°Bo —sinPrcosPo(3+4¢5 180 )

r® cos po 2 H-fBo

2 Ry, 2

2
- KI 1 + coszPo + [ KI sinf°+( 2 + Sinzﬁo) KI - 2+ sinpe KI
R Ko 2 cospo Ko KO{BO cos fo R Ko

cer]e
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o]

¢

+ K2 sinf°4(5 + sin2/30) sin Po +(3 +5in2P) sin Po -(5+sin2f’°) gin Po
2 2
£o 2 2‘/]32’0 2 R cos po ZR‘DBO cos/3°

- sinP° 3 4 gin? Po
cogPe 2 R’{Bo

L
= KI (1+0082P° -4 - 2$in2/3°) + [ KI sin/3o+ (2 +sin2/lo) KI + K2 sinPo
Ko Ko/Bo Ko 2

R Ko 2 cos /30

+ (5 + sin?/ic) sin Po + sin Ao (3 + sinz/io) -4 + s:’.n3}3° sin Po

o
Z,ZB&O 2 R? cos7so R ’gBo cos Po
Finally
z
2*C
Opr
.2 S\ L . 2 inf
- KI 2+ 3 sin“Po + [KI sin po+ (2+sm/So) KI + K2 sin/®
, 2 cos Bo , Ko Ko Ko 2
(4\0‘5) R Ko F - ) Bo
.2 . Po . 2 . . .2
+ (5+ sin FO) sin - 4 + sin“pe sinPe + sinfe( 3 + sin Po)
2f 4 R-f cos/3° 2 R2 0082/3,,
'e.B o} Bo
Let us replace K2 by its value
Ko )
. . 2 Y . . 2
X2 smP"_ - KI - sin“fPo 4+ KI sin /3o + sin B (1 + sin /30)
Ko 2 R Ko 2 cospo  Kofp, 2 £yt
-1+ 2 sin2P° sin P°  + sin3P° =0
R 'eBo 2 cos fo 2 R2 cosz/!o

cer]e.
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By grouping

¢
opY.

- KT 1+ 2 sin /9°+
R Ko cos /30

KI smfo+ 2 (1 + sm%) KI  +(3+sin°Po °) smf°
K2 o ko o

(10.6)} '

=-(9+4 sin® o) __sin fo + sinfe (3 + 2 sin2Pe) = o
/h

- 2 ReBo cosPo 2 RZ coszﬁo

We have to obtain the same result if the equation (69) is developed.

%
K1) sinpPo+ KI |1 ~-2cos [in(gsinzﬁ° +cosaﬂ’) + 2KI cos?h{Zsinz/l-rcosﬁo)
K2 RKo cospo coszfo ‘(Bo Ko - cos?;ﬂ.

+c052/39 ‘Sil.l Fo(3 0082 B +4.xs:in2 fo)_ 1

OOSZFOIBLO - R-!B

cos%, sin E,(3+StgPo)+$1n/3.cosls£3+4t’ﬂ)
o 2003)%

v

TTER P (3 4 5tg%pe)
r? 2

that is right.
Let us consider the equation in -~
5o

4@ +sin2/5°) éin/%-f» -4
2, 50

2.(1 + sinz/?o) KI - (9 + 4 sinzﬁ") sin Po
- Ko 2R cos fo

(25)

N2 ' .
+ (51_) sinfo~ KI 4+ 2 8info + sinfo(3+2 5inlh) = o
Ko ‘R Ko cqs/‘so 2R2 cosz/ﬂo

should have @ real and positive root in 1

———————

The equation (75)

“‘Bo

e
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o]

Let us calculate the determinant

2" .
2 KI (»1+sin2°)-(9+4sin2!3°)sinP“ -4(3+sin2°)sin°
P _ s /

Ko 2R cos Po
v 24, 2.4,
_K_I) sin fo— KI 4+ 2 sin“P°+ sin (3 + 2 sin“Ps )
Ko R Ko cos /30 } > R2 cos2[’°

’ v : ‘ ,
Term in [ KI ’
Ko . -

2 ’ . .
(_lgl_) 4 (1+ Sin4/5o2 sin® Po) -4 (3 + s'mzpo) sinz/so -4 -4 sinZ/’o
Ko ' ’

iy c:osz-/’" (5_1_)"

Term in KI Ko _
| Ko 2 2 2 2
2 (KI) [-(1 +sin®pe) (9+4 sin®pe)sinPe + 2( 3 +s'm/so) sin fe(1+28in°ps )
R Ko cos fo cos fo
-2 (KI\ sinfo |6 + 14 sin®po+ 4 singo- 9 = 13 sinPe- 4 sint go
R | Ko/ cos Po - ’ '

= 2 KI '(v-3+sin2/3°) gin fe
R

<KoA . coslio

Term independant of KI '

Ko
(9 + 4 ein2}°)2 si’nzﬁo -4 3+ six_xz_ﬁb) ( 3+ 2—‘isin2/3°) sin® o
4R2 coszfo 2 R2 coszle¢>

- sin2 Pe 81 + 16 sin4/30+ 12 sinz)s. ~-8x9-8=x9 sinzlso— 16 sin4/!o
T2, 2
4cos foa

= 9 gin? P°
4 R2 0032/30 -../..
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-~—~— Finally

(1'09) D=4 0052 of K1 + 2 KI sin Po sin2io -3) + sin2/’°
‘ K1 2KI sin/? / 2 sin /¢
Ko R Ko cospo 4 32 coszf"

/\ has the same sign as'its' 18t coefficient 1i.e. > o ou.t of roots

if any.

Research of Aroots.

The determinant may be written :

2 _ . 2 2 I
sin2 Bo (sin2P° - 3) 9 x 4 sin“Pocos” p

2 2
‘ R2 0082/3(’ 4 cos foR
sin2 ° sin4/3o— 6 sinzfq +9-9 coszfo -
cosZ_PO'{ T
sin? P° si_n4'[3° + 3 sin> Pe always positive. N
coszfo | '
> | Aa _ginth sj.nzf’o + 3
— .
cos” Peo
The roots are :
- (3 - sinzfo) sin Po + sin Po (3 sin® /’o )
’ : cog fo coszPo

4 0082 Be

We have said that we donft limit the generality when saying that
P'o is > 0. :
Let us see, KI . It is necessary that

- Ko

]
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KI < (_; - sJ.n /"’0) sm/’ﬂ - 8in®Bo \[3 + éiﬁzfd H ' ~
Ko 4 cos> /30 : cos po . .
X1 > (3 = sin® P° mPo+sin ﬁo H}+sih2/’°
Ko 4 cos /50 ' cos /J R
T po = <(3-; -V . \3v1 .5 -VzZ VT
: 4 Ko 2 2 4 2 2
.4 xI_
X 2 ®
100 0,134986 "+ 0,0533  __, KI > 0,188286
: Ko -
< 0,081686
. 200 0,29708’6‘ | '.t'-» 0,21978 — < 0,077306
| Ko S 0,51686
40° 0,924725 + 0,99646 __ KL < - 0,071735
N Ko o o
> 1,921185
60° 3,897114 + 2,904738 KI (- 0,992376
Ko
) 6,801852
8oe 95,45738  + 11,12806 KL > 106,58544
Ko B

< 84,32878

But, more it is necessary that _A1 > 0.

_\_,;
v

ceifen
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%, §
sinfo- KI 1 + 2 sin2Pe + sin fo(3 + 2 sin2P°) 1

KI
' : , 2 2 . .2
Ko - R Ko cos/?o - 22 R” cos /‘0 1n/5°(_3+sm ]’o)

Let us s‘uppose-‘ sin fo>o. So, it is sufficient that C may be >o i.e

we have the following relation

o gac= (4.+2802P)2 - 4 in2Po(3 + 2 sin?Pe) >0
: 2 2
cos” o 2 cos /30

.._j_.._4 + 4 Sinzfj""' 4 Si?.l4fc- 6 Sin2/3° - 4 sin4/3°
™ costpe

AR joc= 4 =2 sin2/3°
00:32/30

_...-7 sm)”o<v_—§:v or /30 < _r}

The product will be positive if KXI is out of roots i.e.

Ko
4+28in?fe + _1I V1 - 2 sin®po
cos fo ‘ cos fo
' : 2 sinfo
KI outof 4 + 2 sin Po+ 1 = 2 s8in_J°¢
Ko . 2 Sinfo cos /30
Let us see - _h
. = _
| ' s 2 2 .
1 2 (1 + sin /30) K1 -9_+4s:.n/3° sin fo >o
~sin ?0(34-'81!12})0) Ko 2R . cos fo
Ko 4 (1 + sin2/3o) cos fo .

o]

LR £/ 7% ~ad
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Value of 4 + 2 sin® o+ x/q - 2 sin®fo

:?.in2 Po sinzfo
10°  3,100131  + 2,83427 75,9344
\y 0,26586
20°  2.35485  + 1.36163 —> 3,71648
Ny 0,99322
40°  1,85453 + 0,42314 = 2,27767
Ny 1543139

Value 9 + 4 sinzﬁo sin P"

4 (1 + sinzpo) cos Po

10° 0, 39028

20° 0,77129

40° 1,58131

-——% If we have two roots they are both > o
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To summarize @

Fo = 10°

0 sol. S
I,/////j//////////l 0 solutionH o ] 1 solution »o | 2 solutions > o
0.081686 0,188286 0.26586 | 5-9344 KI

/39 = 20°

l 0 s;)lution 10 solut.}'oﬁ///d 1 solution >ol' 2 solutions Do

2 solut. Do |

0.077 0.51 ©0.77 0,99 3.71

Pyl

p o
“' 58 R v -
N | .
-0“’ Y 1 . . )
L//////////////l 0 solut. * o l 1 so L‘lt10n>o ' ,2 solutions > o

-0.07 1.921185 . - 1.43139 2.27767

/30 = 609

. . ‘l t-
s 7999977097077, ! solution >o

0.94 6.80
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KI

. If any solution exists
Ko

- I + 2 (cos? P - cos P°) ( 2"32/’°+ 1) + Va
_ R .cos /39. '!Bo R
KI ™
Ko- = 2 sin /3"
g -2 1 + 4 sinZ Mo + _Zcoszf'_° - '451112/3" - 2cos [ .".'VZ‘—
Ko 2 Bin}lo R cosfo {Bo [Bo | OOSP°R R
‘ ]
K I '2':‘ -2 sin’fe 4 sia? 2 V
k- 2.+ 2 8in /0 + _1 4'4"Sln/’°'2°°s/’° AQVPAN
Ko 2 sin/Bo - '[Bo ' R cospo h |
= - 1 | 24261 % 1 -I-2 sinpe | + VA
.,f 2 sin ps s "'{)Bo " R cos o | .- : ' J
(‘f°‘3) KL = __1° - 1 + sinzp° + 1+ _2:‘53;.11!12/3" rva |
U e TR

A= cos?Pe + 4 o2 8inl P 4.3 sin®Po- 2

with e
'QB&O '[Bo R 008/50

H

4 B? ',c‘_o',s.z/a , 2

We may deduct X2 -
o Ko, 2

P )

~KI sinPe + 2 KI  sin

o+ sin’fo - A + 2 gin° PO

Ko R Ko cos pe {Bo Ko Lg%, R ‘Bo cos fo

+ sinz F‘

co 82/3 o R'2

ceefe

no A4y
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80
K2 _+1 +sin2F° - 1 +25in2/3° + \/A
2 2 -
Ko R ’gBo cos/’a 2 R” cos /so R cos fe
- 2 (1 + sin2/30) + (1 +2 sin2/B°)i 2 Va 44+ sin®pe
£ 45
’{Blo R{Bo cos />o Bo Bo
- I+ 2sin®Pe 4+ gin® Po
R ‘€Bo cosfo cos2/3° 8°
. 24 .2
K2+ 4 + sin®fo 4 (4 + sin®pe) - _ 4 HA(-1 +2 )
Ko 4
b .
R'/Bo cos)3u 43 0 2R2 cos%o Rcos/'ao Bo
. aP LA o . 24 .
K2 4 + sin"Fo =%+ sin“ /o - 4 i\/Z(2 - 1 )
Ko R%)Bo cospo 457, 2 R? cos/o ’eBo R cos/io
A has the value indicated in the ejuation (80)
Likewise, when considering the eguation in 1
‘eBo
2
9+ 4 sin2fo sinfo - 2 KI (1 + sin'z/’O) + \/A
1 R 2 cos o Ko

2
Wwith A = 4 cos2[5° (g) + 2 KI sinfe (sinz/’o—- 3) + 9 sin2ﬁ°

2 sin/’so( 3+ sin?‘/io)

Ko R Ko cosfio : 4 R2 cosz/‘Bb

ceefen
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General remark about the feasibility of gratings without coma.

de know that we may write :

KI _X cos¥ - Y cos J-— co‘s{—- cosCf'

Ko

2 R

K2 - X2 sinf- Y2 sinJ - sixﬂ{— sin J

Ko 4 R2
by writing X = cos X -1
R 2R
Y = cos J -1
"’p.D 24

The first equation shows a sir

aight line and the second a conic.

n°A1-y

So, the C and D points are located at th_e intersection of the straight

line and of the coniec.
Let us write that the conic is

Suppose?{>o and consider the

Ir Jis positive, the conic is

If ,.{ is negative, the conic is

real.

two cases cf}o and J< o

an hyperbola and it is alvwaxs real.

an ellipsé and it is necessary that

K2 + sinB-

sin J 70

Ko 4

°R2
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VIII - STUDY OF THE ABERIATIONS AT THE VICINITY OF STIGMATIC POINTS

VIII -1 - GENERAL CONSIDERATIUNS

Let us write the general expression of the averrant optical path of the

¢

holographic gratings :

R A (uc - MD) -~ (ic - 1ID)

A\ = (MA + uB) - (IA + IB) -
A o

to which we.add the relation

A @nf(—sth)

sin« + sin[S -

Ao
H
—-Fig. n° Ig-
0 =~ the centre of the grating,
C - an arbitrary point and H its harmonic conjuguate with respect to the

circle (0).

o]
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o).

- de know that if M is at any point of the circle (0)

MH - m and siny - msiny

MC

- de know that the image B of the point A will be perfectly stigmatic,

for some determined wavelength ., provided that simultaneously :

D is at 0 or H
A is at O, C or H
B is at 0, C or H

(there is no interest when it occurs that A and B are simultaneously
at 0).
- We know that if the point B is the image of the point A, the general
equation is :
MA + MB -~ _ A (MC - MD)= (IA + IB) - _A (IC - ID) - cste
)\o /\D

This equation is verified,whatever M is,
. strictly - if there is a perfect stigmatic correspondence between
A and B,

. approachinély - if the image B is with aberration.

I - Let us consider the point D at the centre O of the circle.

It follows that MD - ID =R

J=zo

1°© Consgidering 4 at O

We have Nﬂ = Is =R
o« =0
The general equation is :

AzR+MB-_A (mc-R) - |R+1IB -_A (I -R)
Ao Ao

: ceefen



A4F

or\-HMB- _A mc- (IB-_A 1IC)
A0 Ao
In this cause sin[& - A sin ¥
Xo

Finally, we have

A - MB-sinf ucC - (1B-sinf 10)

s8in Yy gin ¥

2° We have A at C
MA - MC o« = ¢

IA - IC

>
|

- MB + MC - A (MC—R)—[IB+IC- A (Ic-Re)J
Ao

Ao

>

- MB+ MC (1 - _A )—[IB+IC(1— A )
Ao Ao

sinp - (_A =1)sin ¥
F Ao
A - BB-sinf mMCc- (IB-IC sinf )
sin Y . sin ¥

e

3% e have A at H

MA - NH

IA - IH

i1
8
[aa}
(@]

A :mMC+HB-_/\_(MC—R)-[mIC+IB- A (IC-R)J
Ao Ao

_(m-_/_\_)MC+MB-[(m-__/\_)IC+IB1

A —
Xo Ao
m sinf + sin f - A _ sin¥
A0
A= MB-sinf MC - (IB-IC sing )
siny sin ¥
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II - Let us consider the point D at H harmonic conjuguate of C

MD = MH - m MC

siné -msin¥

1° Considering the point A at O

MA IA - R

o -0

A -R+MB-_A (MC-mMC)-|R+ IB-_A (IC—mIC)J
Ao ' Ao

s:’m,/9 = A (sin¥ - m sin Yy )

Ao
)‘ bt sin P 1
Ao sin Y 1 - m

A= MB-ginf 1 -m MC - (IB-sinf 1IC)

sin¥ 1 -m sin Y

A= mB-sinf MC(B-din ] 1c )

i
8in ¥ AWy

2° Considering the point A at C

MA = HC
=Y
A = MC + MB - A (MC-mMC)—[IC+IB— A (IC—mIC)J
A0 Ao
sin ¥ + sin f - A (sin¥ - m sinY )
A0
A = 1 + gin P

Ao 1 - m (1-m) sin Yy coefen
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A = MC + MB - |_1 + sin f? (1 - m) BC - | IC + IB
1 -m (1-m)siny’

- ) _(1¢ - m IC)
Ao

A -~ MC + MB - MC - sinf® MC - |IC + IB- _A (IC - m IC)
sinY Ao

A_-:ms--sin/‘L MC - (IB - IC sinf® )

sin ¥ sin

3° Considering the point A at H

MA - MH

o<l:0/

gin- m sin ¥ ,

MD - m MC

A -mHC +HMB~ A (MC - mMC) - m ID+ IB- A (IC - m IC)
Ao Ao
m sin¥ + sin b - A sin¥( 1 - m)
Ao
A = m + sin B 1
Ao 1 - m gin ¥ 1 - m
/A - mHC + M3B —(m + sinf 1 ( 1-m) MC - IB -~ IC sin/g
' - m 3in¥ 1-m ' sin ¥

A = ™ HC + MB - m HC - sin> W C - (IB-IC sin/ )
siny sinbf

MB - sin P MC - (IB - IC sinl )

D
1

8ing sin ¥

CECR A
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So, we may notice thatsif D is one of the points O or H and A one of

the points O, C or H, the aberrant optical path corresponding to the

point image B is given by

A = HB-sin® uc - (IB- I¢ sinfl)

(A413)
sin ¥ ' 8in¥

This equation is independant of the locus of D and A.
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VIII - 2 -STUDY OF THE FOCAL CURVES

We are going to define the properties of the focal curves in the
specific case of perfect stigmatism for a determined wavelength,

i.e. simultaneously :
- D is one of the points O or H

- A is one of the points O, C or H

£
We know that if B is, moreover, one of the points O, C or H, it is the

stigmatic image of the point A for a determined waveiength;

Our purpose is to study the locus of the point B out of these spécific
points.

de shall consider the special case D and A at the centre of the grating ;'
Then we have seen that,in fact, the results to be performed will be

valid for every locus of D and of A, - providing beiﬁg.bnelofithe privi-

leged loci. .

Therefore, in our hypothésis "FA - R = 0 _ a

(1p  and smP s RA ey

Sagittal focal'sequation 3

T4 - cosP + sin ? (.2 - cos ¥)
15 7. ' ' '
(4 ) | by - R siny - e R

Ne identify thestrajght line 's equation. It passes through the points

o]



=8
s
o]

11
s

Therefore, the locus of the

sagittal focal is the straight line C D.

Equation of the tangential focal length :

COSP

+ sin P (cosz‘(- cos B

4 - R

siny *C R

( 16)

’

0052/5

that may be written :

“?T - R cos /3
1+ toP (Rcos¥ -1)
t9 ¥ 4
We have te B, = bs¥
1 - Rcos Y
<
80 | . '2’1’ = R cos /3

(A3)

4 - _tap

NV

422

'I‘hérefore, the curve shows an asympitotic direction for the polar angle/iq_

defined by :

b}j{

(A18) q -

t}Fw =

R cos Y

¢
/i
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Conventionally, we shall have 0L Y <p
2

Ir £, > R cos¥, i.e. the point C out of the Rowland circle, B, 0.
If ,{’C < R cosY, i.e. the point C inside the Royaland circleJ Sa< 0.

The asymptote 's locus is defined by the gquantity

Pz I H - Limik o‘F /e_r.sin(/’a../%a)
when P —> Pa. :

Then [T may be written :

[T - R cosz/3 sin fa

sin (/{v— P)

and we obtain

- =1 (sin -sj.n3
(19 Pz - R (sinfy Pa)

e

123
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nithale
.’3‘5».

[1200 F/oam
)H : Gooo A’

- Fig. n°4g9-

Focal curves for C out of the Rowland Circle.

ceefen
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- Pig. n°20 -

Focal curves for C in the Rowland Circle.

Wwe observe that H is virtual.

!

e
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For /’3 - N we obtain f{T -0
Then,the curve of the tangential focal length passes through the top of the
grating with a vertical tangent.

/N
The angle'V between the tangent located at a point of the curve of tangen—

tial focal length and the radius vector is given by :

tj\/:. j’l‘ '

Then ”{-ZT - R x 1 - sin P cosl (Ez - &?P)
_ l‘;/Ba,

de have t'j V-  cos )3(6}/3% —t}F)
1 - sinz/s cos/‘ﬁ (bﬁﬁa, —“:}/e)

(Al.o)
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STUDY OF THE ABERRATIONS AT THE VICINITY OF STIGMATIC POINTS

VIITI - 3 = " STUDY OF THE ASTIGMATISH

de have seen that the aberration of the optical path corresponding to

a point image B was depending neither on the locus of the point A'(source)
nor on the position of the recording point D, providing that the points _
D and A be at one of these privileged loci compatible with a rigorous

stigmatism, but just on the locus of points C and B.

Now, we may ask - the points A and D being at determined privileged loci -
Is it possible to obtain an image B without astigmatism, namely out of the

privileged points ?

As the answer is not depending on the exact locus of points A and D
providing that they are at one of the privileged loci, our reasoning

is bearing upon a particular case.

For this case we choose to locate D at O (centre of the circle) and A at C.

.4

Then we have :

R A

D

0 « =X

In the general case, wWwe know that the condition to avoid astigmatism, is :

cos — cos - sin2/3+_K_]; t;"@l? - K3 f‘;o(+[3 cosz/g
La R Ke 2 Ko |

If we introduce the initial conditions

KI - _1 ( cos ¥ = cos ¥)
Ko sinY 20 R
K3 -_1 (_14 - cosX)
Ko siny <c R

o]
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The condition may be written :

cos ¥~ cos P - sin’ B + 1 (coszf - cos ¥ ) sin ¥ + sin Vit
{c - ] sin¥ e R cos Y + cos/3
‘6 . . /'3 2
- 1 ( 1 - cos V) sin¥ + sin cos /3
sin ¥ ‘/C R cos¥ + cos/s

cos ¥ - cos/% - sinzﬁ - cos\ﬁ/ sin¥ + sinp ( 1 - cosz/3 )
’€C R R sinY cos¥ + cosf »

+ 1 . A sin ¥ + sin P (coszb’— cosZ/B )
Ac sin¥ cosY¥ + cos b

- cos¥ - cosf + sin®’ (41 - cos¥  sin¥ + sinf )
1 R sin¥  cos¥ + cos

+ _1 sin ¥+ gin (cos ¥ -cos/") - 0
{C sin ¥

¥

cos ¥ - cosF(— 1 + sin¥ + sinF)+sin2/'(sinUcos?ﬁgin“’cos/’-sinb’cosr-cos‘(sin/j: 0

4 sin R 8in ¥ (cos¥ + cos/")
cos¥ - cos B sin /2 + sin®P  gin (U—P) -0
L sin ¥ R sinY (cos Y+ cos[i)

i/



)

sin F 1

coszx— cosz/3 + sinﬁ. sinix—/?)

. 8inY cos ¥+ cosf

sin P 1

e

-

(cos ¥+ cosP) (cos ¥ = cosP) + sin/’ sin (¥ - R)

R

sin ¥ (cos ¥+ cos/!)

sin P 1
sin ¥ (cos Y+ cos/t)

sinP 1

-

L

&

L 2cos ¥+ P cos¥ - 2sin ¥ +F sin¥- A +sin P sin (’(:/’)

129

2

|

-

2
L

sin (¥+P) siné??: P):’-t gin P sin (¥ -P) -0

sin Y (cosY¥ + cosf)

Finally :

<

R

sin/a sin

(8- 1)

sinF - sin

(£+Y)

(424)

sin¥ (cos ¥+ coef)

R

{c

Then this expression may be cancelled if

1st solution

1) sinP:O

—_——— P:: 0

B is at O.

2nd solution

2) sin (¥-p) -0 --_-9*(:/3

B is at C. It is the second stigmatic point.

It is one of the stigmatic points.
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3rd solution

N snl - (g

_ in
£

We have seén (equation 24 ————)
that the 3rd stigmatic point corresponded to/g

n and we had the two

following relations :

/gc:_-_R_ gin (h+¥)  and sin ) = m sin Y
o sin Y
from which we may write sin (n+Y) -msin¥ - sinb
L R - R

The relations are well identical if/g Zv
The third solutj:on corresponds to the third stigmatic point.

Conclusion : The points A and D being at the determined privileged loci,
the astigmatism is zero for the images B located at the

privileged points and at these points only.

Focal's height

Let us consider the formula {(equation 4[4——————~)

which becomes in the specific case :

sin  sin (D'-P) sin B - sin_ (P +7)

h 8in¥ (cos ¥+ cosp) R ¢
T
, -_ 1 cos'¥ + 1 + sin ¥+ sin/ A (cogY - cosd)
cos‘6+cos[> ¢ R cosY+ cosP ein’Y £ R

coifen
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That may be written :

sn'.xx/Z sin (¥ -p) sin £ - sin (F+M)
h_ - R C

A sin (T-p) + cos2 ¥ sin f
R

(122) <c

Under the above defined conditions, i.e. D at O or at H and A at 0, C or H,
there is no possibility to avoid the astigmatism but to choose, for point
Bo, one of the points O, C or H.
Then we may ask the question : Bo being one of these points, is it
possible to cancel D‘)%- ?

>p

We keep the specific chosen conditions as above, i.e. D at O and A at C

"and we choose for B the three privileged loci : B at 0, C and H.

1) Bat 0
Under the chosen conditions ’ED - R /{A = ’ZC
J =0 < =% ’
General conditions KI - _1 (0.0823’ - cos V)
( resulting from the fact that Ko = invw Lo R

a grating is used in such
conditions that it is possible

to obtain stigmatic points). K3 -
Xo - —2 (2 - cos¥)
sin¥ ¢ R
Specific conditions linked
to the fact that B is at O /3 =0
_éB - R A= Ao

cee]e



132

e/

Let us remind that the general equation corresponding to o = 0]
is ()/3
3
sin » - sin2/” + a KI 1 ~ K3 (coszﬁ - s8in Zf 5} °<+F)
2 Ko 2

- Fo ;
“(A ' R ° 0032 x4 B ° 20052 o+ P
<2 2

Applying the hypothesis we have the relation :

1 (coszb’ - cos¥) 1 -1 (_ 2 - cos¥) 1 =0
. 7 2 7 - 2
2 siny’ c R cos siny” 1C R 2 cos” ¥

Nlo(
N

that may be written :

1 (0032“0’ -1 ) - - sin ¥ - O
2 8in ¥ cos? Y 4c € 2 8in¥ cos? R4 '/C
’ 2

N

According to definition \(:,éO

So ‘)"2* may be cancell'ed‘ only if: ’/C -
op : N

In that case K - - cos¥ . 1

K& tai.n*o’,__R

- - OOB{ Ll

8invy”

X3 1
K5 R

Now, under the same conditions, let us study Dr
. . -—___D/Bt

The general condition to cance‘l'the above term is :

“ gin X+ P . sin=+f
cosP - 2 cos2f+ KI 2 - K3 | -8in2 B4 0052/3 2
'eA - R +Q 20083 %+ P Ko cosz°<+ P2 0093 < 4+ p
- S 2. . 2

~ 2 cos2 B bg o4 P
P =2
Under this specific case, the equation is :

el
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e

: ¥ sin ¥
g_-cos"of sin 2 + cos ¥ 2 -2(7}_3’_ =0
R Rsin?f2c033

X R sinY | 2 cos> X 2

or 2 (1-t3 T ) -o
o 2
b;‘(

Dz'/ﬁ:Omeans that t")“(:(,— RS
P .

That is equivalent to 2 co:s2 T - cos T

2 .
or cos® X + sin® ¥ -0
2 2
that is impossible.
. . Dt .
So, we cannot obtain A -0 - LV AN

9/31.

Let us calculate the focal's height in this case

a) If fy ==  i.e. if ) A + o
o p

from the equations (422 ) anel (45)

E-d

- sinz\(
2 sin¥ cos’ _'_1{__ Ny
h (6) = 42 m x 2 ¢ b 4 6

! -4 cos¥Meq+r g X+ P w1
(cosa+1) Ly R 2 Ko
- sin ¥
2 coszl /(C
hT (9):me 2 18

L :;~cosz‘5+i 1 +t} ¥ ( cos> - cos¥) 4
(+c0s¥) 7GR 2 L R sin¥ - ../,
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..'/..
Let us remark that 47 L8 - sin ¥
2 4 + cos ¥
- gin ¥
2
2 cos Y . ,Z
\v\.T( 9):‘_ Zrm x 2 ¢
cosz‘( sin X - 1 + 1 (1 -cos® )
L¢ 1+cosy)siny A+cos¥ R 14 + cosY
2 . .
As 1 + cos¥ = 2 cos ¥  we obtain finally :
2
- sin ¥
hT (6) -7 m 2CZ'Hcos?f) < B
4 x_a
R
14 +cos Y
¢23) hy (B8) z-%m _Rsin¥ @
L
-J - ~ - B -
b) If {4, - = i.e. if A -0

OB
we may calculate hj ( ©Y) from the formula (46)

In this specific case KI - K3 - - cos ¥ . 1
Ko Ko sinb/ R
2(1- 65 Y)
R 2
Br (6Y- zZam . ts ¥ .O%
1 - t'} ¥ .cos¥ . 4
R 2 sinbf R
X

-zm 2(t3 ¥ -f%2 ) pY
2 C‘;\O/-L‘}

nofX

]
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-1 (.4 -co_s“,(') (cosz\( - sin 27{?8)

2

sin ¥ ’€C - R ©

COSZ\(

ceifes

(24 ) b, (OY) -zm.0%
Besides, it is easy to find out the rigorous value of hT.under those
conditions
h, - Zm ein2
T = . F (12 5)
2) BatC
Under the chosen conditions ZD - R ’éA - ,éc
J -0 =%
"‘General conditions for Uf: 0 E KI - 4 082 Y = cos ¥ )
Lo sinY ’€C R
K3 - 1 (4 - cos¥)
Ko sin¥ -’PC R
Specific conditions linked to E e
, Pz A= 2A0
the fact that B is at C ( -
' ' (
(“pB s 2(; - /A
Let us recall that the general equation corresponding to J'/?‘ -0
is @ 3/5
sin’ - sin2f +1 KI _4 - k3 [cos® B - sin 2f“‘j°<+/3
€2 R 2 Ko cos® < +P Ko | pcos® s P 2
2 2
“Applying the hypothesis, this relation is :
sin¥ - sin2¥ + __1 - ( coszf—cos ¥ ) 1
£c R 2 siny < R cos? ¥



or
4 ¢ sin?¥ - __1 + 1 - sin2 ¥ £3¥) -
<L 2 sin¥ 2 sin®¥’ sin ¥
1_ ( sin2¥ - _A1 + cos ¥ - cos¥sin2¥ E3Y)
R ' 2 sinY cos¥Y 2 sinYy sin
’ 1 ( gin¥ -2 sin¥) - 1 (cos¥ - _A1 ' )
¢ 2R siny~ siny cosY
sin Y = sin2 T - 1
< ¢ 2 sin¥ cosY R

el

gin[ 14 - _ 4t )_—_ 0
“€C 2 R cos¥

o
—373— - 0 if '{C - 2 Rcosy (426)

If we retain the hypothesis 'ZC - 2R cos¥

KI - =~ cos ¥ .1
Ko 2 sin¥Y R
K3 - -cos2¥ . _1
2 Ko - s8in2 ¥~ R

Let us study now Dz. ‘4 under the same conditions.
9,&»

' L
The condition 2 % -0 is:

DPL
. sin o+ fB
' cosP -2 costh + KI 2 - K3 - sin2 A
Ay f K.o 2 cos> <+ P Ko cos® of +8

? 2

136
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sin a+
+ cos2/s 2 -2 0032/5 L‘? oy P
2cos3 4+ £ 2.
2 o

To make easier the calculations we shall xeep temporarily

KI and K3 under the form

Ko Ko
KI - _4 (cosz‘O/-cos{) K3 =4 (4 = cos ¥ )
Ko~ inw Ao R Koo ginv Ao R
S e

cos ¥ = 2 cos."'&b" + 4 ( cos> ¥ - cos ¥ ) sin ¥

Lo R siny {c R 2 cos ¥
-1 (.1 2 cos U ) | - 8in2 ¥ + coszxsin)/- 2 cos2 ¥ #j\(
siny Ae R coszb’ 2 0083)’

cos¥ -2 cos2 ¥ + _14 cos ¥ - A4 -

L¢ R 2 {¢ . 2 R cos Y

4 (14 - cos¥) | - 2 8in¥ + sin¥ -2 cos 27 8in ¥

sin Y, L R cos ¥ 2 cosy ‘ cos O
‘cos¥ -2 cos2 ¥ + A -_A -4 (1 -cos¥)
'{C R A cosy 2R coszb/ siny -{cC R

(-3 sin ¥ - 2 cos2 Y sin h/')

cosy cos ¥
cos I/: 2 cos2¥ + _4 - 1 + 1 ( 3 +2 cos2Y)
L R 2 EC cosY 2R coszf e cosY 2
-1 (3 +2cos27Y) eoi/en
2 S
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.- 2 cos2 ¥ + _ A -_1 + 1 (3 +2 cos2 )
2R R 1R coszy 2R coszb/ 2 R coszy 2
-1(3+2cos2Y)
R 2
2 - 1 + cos2 ¥
R 2 R coszy R cosY
The condition should be 2 = 1 + 2 cos2 "o’
R 2 R cos2?>’
that is impossible.
Let us calculate the focal's height at the vicinity of C
2 Rcosy i.e if O9R 7& 0
a) I/, 7{: : __D/s
From the equations (5) and (23)
sin?(( 1 - .l )
hT(a):me €0 2 @ cosy O
_ - A cos Y 4 1 +t';Yx 1 ( cos’ ¥ - cosY )
Zos ‘ZC R siny £¢C R
siny( - - A ;)
hp(0) -2mx ‘¢ 2 R cos ¥ G
00323/ o )
.2,-€c
or @l?)

hT(Q)-_-me 1 sin{((c-zncosx) 6

R cosz D’




.../.. .
b)If,fczzncos‘(i.é. ) A :Oanth(G):o
Op

In that case we may calculate h, 6% )

T
from the equations (127) awdl (46).

Then we know that KI - - cos T . _4

Ko 2 sinb/ R
K3 - - cos2 ¥ « 1
Ko s8in2 ¥ R
A 2
by ( B%) -Zm X 2R cos> ¥ ' .6
- COBX + 4 - L_j,Ycosr . i
2 ‘ZC R 2 sin¥ R
1
hT(az) - Zm x 2 R Sos-¥ 02
A
4R
hy (OY) = 2m x_2 6?2 (123)
; 0052X

voifen
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3) Bat H

General conditions .

forJg-_-O

N
R
N
=

NN TN TN TN AN TN SN NN N
~
H
i
. YN 5
~
(2}
o]
/7]
N
N
Q..
e .
@ -

]
o
It
A
P
A
|
0
]
=<} | I
.

Specific conditions linked

to the fact that B is at H

. .
o]

Now we have to use a dissimilar method (with regards to the one used

previously for B at O and B at C) ; effectively the introduction of

the specific conditions linked to the fact that B is at H into the
general equation 0 A = Oy would lead to very complicated calculations,

without interest. 9/3

Let us consider the equation (42_4 ) which gives the general condition
for avoiding the astigmatiem when A and,D are at one of the privileged

points, i.e.

¥

‘;%:sinls.sin (5-F) .(sinfsv-sin(fk?'): Q.
_8in Y (cos ¥+ cos}’s) " R ‘ 4

Then, we have a product that we may write as follows : .

sinl. oin (¥-P) | -
sin¥ (cosy + cos/&)

A= U=xV with UJ

<
|

= .sinf‘ - s8in (P +V)
R £ . ceefen
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So "),gm»; U x oV o, \V. DU

" Then we have B at H i.e. \/ = 0

DL,
D/B D/j

and

dt sin[5 ._sin (X-P) cos f} -cos (F+Y)

2)/3 - ginY (cos ¥+ cos)‘s) R Lo

If we want DVQ‘ - 0 it is necessary that

J P

'€C - R cos (P+K)
cos/g

Then, we know that if B is at H /fc - sin P+¥)
sinﬁ

Therefore, it would be necessary that

sin (]5+y) cos}3- cos (/3+)’) sin/g-_-O

Then this equation is reduced to v Y

T e

Consequently, it is itﬂpossible in this configuration, to obtain

cesfn

AL

0

-
O ——————
-

P

0



ceifen

Calculation of the focal's height at the vicinity of H

ginP sin (¥ -/*) (cos B _ .cos(f«-?f))

by (0) z2.m x sin¥ (cos¥+ cosp) R ¢ 0
- 1 cos’ ¥+ 4 + 8in¥+ sin P 1 (coszr-— cosd)
(cos‘o/+cosf) Lc R cos¥+ cos P siny €¢ R

with f; = Rsin (P+Y)

sin/5

that may be written :

gin [ sin (V=P (cos -cos (P+¥) sin B )

152

hT(0):Zm X s8in Y (cos ¥+ cosP) R sin (p+¥) - R
- coszb" 1. +_A1 _ + sin¥+ sin2 x 1 sin / cos®
(cosy+ 003[*’) ’{C R cosY + cos)‘ R sinY¥ sin (/:+X)

- cos¥ x sin¥+ sin P . a

siny cos ¥+ cos b

sinl sin (¥=?) cos P - cos (P+¥) . gin P J

h;.r (@) — - sin ¥ (cosY¥+ cosp) R sin '(/5+X) R

'1 (1 - cos¥ sin¥+ sinf) - cosZY x sin

R- sin ¥ cos¥+ cos R(cos/H- cogo) {@in (/“’7")

+ 1 8in¥+ ginP  sinf cos® ¥

R cosY + cosf sin) sin (F+‘o’)

vifen
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sin ﬁsin (r-P [cos/3 - cos (F+¥) ain & 1 } .

sin¥(cos¥ cosp) R sin (p+¥) R )

hT(ﬁ): Zm x

1 sin_(P-7) - cos’¥ gin (sinl'+ gin¥ - 1)
R sin¥ (cos¥+ cos/s) R sin ()&+7f)(c05/a+ cosy) gin ¥

31“)’ sin (‘0"/3) [ cos? - cos (P +¥) sin S :}

h,r(é): Z m sin (p+¥) x0
» sin (P—b’) - cos?¥ sin 3
sin (p+7¥)
hT(O) -Zm x sin sin (¥=4) sin (P +¥ -p) x O
sin (P-¥) sin (}5+3’) - coszb/sinzfi‘)
—Zm «x sin P sin (¥-p) siny &
= — X
sin2/s coszz;- sinzycoszfi - coszbf sin%
Pinally
(29) by (O) = 2w sin P sin _ (¥-P) x &

sin ‘o/cos2 /3
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STUDY OF THE ABERAATIONS AT THE VICINITY OF THE STIGMATIC
POINTS ’

VIII - 4 STUDY OF THE COMNA

We are going to use a method identical with the one applied to the case

of the astigmatism.

First, we may put in practice the conclusions of our general study and
say that the coma located at any point B - in the case of the points
A and D being one of the privileged points - is not depending on the

special locus of A and D among these privileged points.

de choose, as special case, to place Dato (centre of the circle) and
A*at C
So, it results ’€D - R ,@A :,fc

J

© L =%
We know that for having the coma equal to zero while remaining on the
locus of the tangential focal length, the two equations T — O and C = O

have to be resolved simultaneously :

cosz°¢ - cos X + 0082/3 - ‘308)5 -(sin X+ sinP) KI - ©
ZA R 4B R Ko

¢ = sin & (coszﬁf- cos ) + sin 2 ( cos2P - cosF)-(sin'G sin/’) K2 -0
- €y 44 R 23 {3 R Ko

o]
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caifn.

Introducing the initial conditions °
KI -4 (cos’¥ - cos¥)
Ko sin ¥ ’eG R
K2 - 4 ( cos?Y - cos¥)
Ko 'eC ’KC R

The equations may be written as follows :

o
T - cos’ ¥~ cos{+coszﬁ’ —~cos P- (sin®+ sinP) (coszr- cos ¥) -0.
<c R 4s & sin¥ © &

C - sin{(coszf— cos®+ sin B ( cos - cosF) ~(sin¥+ sinP)(cosao’— cos¥) = 0
R A € R “B £z R ‘e e R

From T - O we have :

0092/3 - cosP (0052.0’- cos¥ ) (sin ¥+ sin Po_ 1)

ZB 'R B ’€C : R gin ¥
_c_oiﬁ "._C_of_ﬁ = (0082‘/ - cos¥) sin [
4B . R € R sin ¥

C -0 gin X(coszx— cos¥)+sin |3((:05527”--cos""') sin P - (sin¥+sin r)(coszf-cosb) -0

Lo L R Az 4 r sin¥ < R
c = (cosz‘o’ - cosf)[sirx\{f sinZF’ - 8in £ sin B }
L R L “4c 4B sinY Lc
2 .
C - (cos“¥ --cos¥) sin sin ! - 4
- 30
4 R 43 siny Lc o)
de have A1 - A4 + sin P (coszf - cos¥)
Ap R cosp coszfs sinY ’eC R

caefe

T R
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By carrying forward in the formula (30 ) we have

:(coszb/ ~cos¥) sing|sinff 4 + sinz/3 [cosar—cosxl -1
<¢ R <

C R siny¥ R cosF cos2P sinzzr

:(00521_0087’/)5111/5 sinf( A4 - cos¥sinf)+ 1_ (cos2b’sin2/3 - 1)
A g

R sinTCOS/s cos? sinzb/ L cos?! sinzyr

:(0032 b’-cosf)sin/s sinP(cosPsinX- cosxsin[’)+ 1. coszb/sin%-cos%’ sinz‘b’
C 40 R R 0032/9 sinzb/ ' ’ZC 0082/3 sinzx
_-_-(cosz?f- cos¥) sin P sin/’ sin('b’-}i)+(cosb’sinﬁ+ cos/’sin‘)
’(C 2, . 2 -
R cos fsmx R o :
' (cos¥sin p - cos psinY)

L R R A

:(coszf- cos¥) sin sinP sin (¥-p) +sin (P+¥) sin (F-Y)
cos)zs Sinzzx

Finally :

431)

C - (cosz?’— cos ¥) sinf sin (¥-P) sinf - sin (L+Y)
‘FC R . cos?‘s sin2 g R ' 'ZC




“}l to have O C equal to zero ?

A4}

eif

That expression may be equal to zero

1) if cos’¥ - cos¥ -0 d.e. if KI-K2 -0
L R ‘

we have studied that case page 54 and following. It is the Rowland

circle solution.
2) if sinp-0 pzo
B is at 0 : it is one of the stigmatic points

,}) if sin (8’-)3) -0 o
RS-

B is at C ¢ it is the second stigmatic point

4) sinl: =~ Bin (P+%)
R £ ¢

de have seen, in Chapter/called "Astigmatism at the vicinity of stigmatic

pointe" that this relation defined the third stigmatic voint.

Conclusion

Except the solutionlé; - R cos¥ whiéh corresponds to the conditions of
the Rowlend circle, and under the following conditions : D at O or at H,
A at 0, C or H; there is no other possibility to have the coma zero, than

to choose one of the points O, C or H as point Bo.

The question we ask now is : Bo being one of these points, is it possible

op
Ade keep the special conditions choéen as above, i.e. D at O and A at C

which have - as demonstrated - a general value.

de choose for B the 3 privileged loci : Bat O -~ Bat C — B at H.

cedfen
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Let us reconsider the equation (88) whieh.. gives the value of ocC
and the equation ( 86> providing the value of 2% ¢ 9/?’
opr
e - _KI sin?o— K2 cos/3°+ (cossz— cos fPo) [2 X1 b;/ﬁo
'9[5 R Ko Ko -’gBo R Ko
" tatnle(2b5p0 1) - fatfe ]
<Bo tq po R
D _ gy sinzfo( 1 + 1

Qﬂb

<+

+

e )

R Ko cosfo 2

f‘?“"fo

(cos®Po - cos Po) (3 +_ 4 ) +K2

) +(g)" sin/lo

Ko

2_1(_167¢ o
Ko P *eBo

R 2

(cos2P°— cos P") [

sin Po ( 5+ 3£‘;‘/5°) -

3 5po

SEPe (3 2*;7:.,)]

'QBO R 4 Bo 2 R )
de have Bo at O
In thgt case ’€D - R j.a - ,@C

CTNSTNITNSTNAN NN

J:O

Ko siny  fc- R
&2_: 1 (COSZY—- cos8s 7)")
Ko /€C "(C R
p=0

- R Az Ao

e
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2/5 Ko ¥’ . . : |

The only -solution is K2 < O
Ke

So, we may write, in the general case

Therefore, one ha s. the folloﬁing possibilities for obtaining the coma

equal to zero @

cosz\( - cos ¥ = 0 -—-—? We find again the Rowland circle
'fc R ' solution (2nd report, page 33).

4

The other solution is 'fc -

KI - - cos\(

In this case K2 = 0 KI
Ko Ke R sin Y

2t under the . conditions sin/ao- 0 5
. - (- Tl

D/sz

Let us study

423 | |
b3 ) D2c -1 KK GZ’: —cos ¥ B2
2R R Ko R? sinY . -

In fact, that is a particular case which #3111 vé “examined in chapter

nWadsworth",



e

2 ) We have Bo at C

In that case

General conditions

bpe01flc

conditions linked

~ to the fact that
. Bo is at C

Jc - _KI gin § - K2 cos¥ + (cos 2Y - cos

~ R Ko Ko

“p

+smY(2b}B’+ 1 4)-‘ (-jf Y

£¢

DC - (cos ¥ - cos¥)

9/3 - A R

+

|

| Ly= v Ao A
-0 =¥
KI =4 (co.é2 Y - coe;“b/)
é Ko siny <o R
K2 - 4 ( cos?"O’ - cos{)
Ko Lo A R
% pP=Y 4”}; - /@C
§ '“)\:? Ao
(

'0’. &
)[2_:% ;)/

|

2 (cos 2Y _ cosr) f‘; g
sin¥ ‘FC R

|

4, R

fq¥ R

1-cos¥ +
R Lo

Y(zé;b’+ 4 ) - (_-j’z,r
c t}b’ "R

DC -(cos ¥-cos¥) |2 (1-2cos?’€’;b’-f} ¥)+ A [- cos ¥+ 2‘c0323' tax
'D/a - L R R siny 4 sin >
+ (2 ;3’+ 4 81n)/
t‘;Y :
cesfee
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¢ - (coszb/- cosY) | - _1 + 1 (cos¥+ 2 sin’Y + cos ) }
9/3,- L R Rcoszir AL cos ¥

=4) 3/3 ‘¢ n

DC may be zero if

op

/ZC-- 2Rcos\o/

Under these conditions

KI - 1 (coszr-cos\(): - cos¥ . 1

Ko sin ¥ ’KC R 2 sin¥ R
: 2y Y T
1 ( cos ~cos ¥ )= - . 5.4 i
k2 - —3 v; z Ceied 1
Ko c c R i.4RY
: A
Let us study - D ¢ under these conditions.
o Opr o
To make easier the calculations, we shall keep KI and K2 under their
: Ko Ko

" general form

‘ch - (cos’¥ - cos¥) 1 sin’ ¥ (4 +_4)
'D./sz,, - 4 R sin¥ R cos¥ 2 tgly

+(0092K - cors?r)‘2 sin¥  + 2(00323/- cos Y)z [‘51}( (;_ + 1)
’FC R sinzb/ : 'eC R ~ siny 2 t‘j"b’

e/
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+ 1 (cos®¥ - cosY)sin ¥ + (coszx— cos¥ ) [ sin¥ ( 5+ 3 bj‘a’)
tc “c R2 < R ‘¢ 2

- 52 Y (3 263y
] 2

that may be written :

DzC:(cosz'b/— cos ¥ ) [ ("z ((i + 1 ) + (00822{‘ - cos‘r) 1

D/“ Ag R R 2 tgty  fg R sin ¥~

+ 2 (coszY— cosY) (3*}"3/ + 1 ) + 1 sin ¥ 4+
‘ [C R 2 sin¥ 8inY '€C 2

am¥ (5 +34%) - Y (3 2 b5¢Y)
’{C 2 ’R 2

0Yc - - cos ¥ tﬁ'y +_ 1 - cos¥ - cos¥ x 3 _}__b it
ope~ 2 g% 2 4% 2 siny 2 sin ¥~

~cos¥+ gin¥ +5 sin¥ 4+ 3fg&b’s.’m ¥
8in¥Y 4 cos¥ 4 . cos¥ 2 cos ¥

‘ -3 sinY¥ -2 e;‘x]
2 cosY

' . ¥ -bﬂrw.ﬁY;1"] =
2 g% 2 - Lty

cos® ¥ ‘(b?qY’* 2£7LY+4) = _.__...__°°52Y A.(" +t;zb’)2

4 R® sinY . 4 &% siny
Finally : :
g L
N ol 4 o
@35> ’J/go‘" 4 R® sin Yy’ coszb/

cerfen
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..-/..
. 4 .
3 ) We have B at H ¢

We know that in this case :

Ay = R b A

A - c
J=zo L= ¥
General condi- 5
~-tions KI - 1 (cos“ ¥ - cosX)
Ko sin Y R
K2 1 ( cos> ¥ - cos¥)

it
S
«Q
=

Ko

- I ¥
Specific conditions ’(c - ! sin (L+¥)
linked to the fact - 81n//_; ]

that B is at H
’
For that case, we use anoffher method and consider C under the form
of the equation ({31 ) -
C - (cosz\(— cos¥) sin P sin (r-F) sin ' - sin (/3+7f)
’{C R cos2/3 sinZX R i ‘£C

L]

de know that effectively this function is zero as regards the initial

chosen conditions.
de have C T V x V

with U - (cosz\(- cos¥ ) sinl sin (P-Y)
L R cos‘?/’ sinz‘o’

3
V= sinl - sin (+X) -
R jc -

Je _\/ _oU +U DV
op T P °p o

Then we know that \/ - 0

i



e )

So @ D - U x D\/
op T Kk

and oc - (cos ¥ - cos V) s1nﬁ sin (P ¥) (COS[s - cos (/3*’3')]
R ¢

'D/a - ‘€C R cos/z sin X

Under the conditions we have chosen, there is no other way to get that

function equal to zero than to have

v

o R cos (/i+9)

cos /5

Then, this condition is incompatible with the condition C': 0
’FC - R sin _( L+T)
' sin /‘6

Therefore, in this case, it is impossible to obtain Oc -0

and the value of the coma is /3

ocC - (00527( —cos¥) sinf sin (¥=P) [cosp - ¢os (F+b’)] IS
DF - A R coszp sin’ Y . R Lg

'LH ith Agc .:Rsin !/3+Y2
sinf'

and we write :

0 1(000%% - coa¥) sinPain (F=P) x ¥ o
r\)/a L R 0032/5 sinzb' sin (b'*/‘)
oC _1(0052‘( - cos{) sin P sin (¥-P) | &

D/& “R [C R cosz/% sin ¥ sin (ﬁ']’)

o]

454
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VIII-5- STUDY OF THE COMBINATION COMA-ASTIGMATISM
AT THE VICINITY OF STIGMATIC POINTS.

The study of the astigmatism on one hand, of the coma on the other hand,

has led to the following resultis :

Bat O Ko - sin™y *

\,\T(e):Zm R sin¥ B

L
°c - -x2 8
")ﬁ Ko
Then K2 - 1 ( cos’¥ - cos Y )
Ko 4 <6 R

Therefore there are two available solutions for having K2 equal to zero :

Ko
a) /C = R cos ¥
which involves KI =-K2 =0
.2
and K3 - sin T
R cos Y
In that case hy (@) =4mn Retn ¥ ©
R cos Y
437 by (8) =ZmEg ¥ . O

e
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] \

We easily observe that,in this case, d1c -0
opv

~ Pig. n°® 24 -

So, A may be located either at O or at C or at H. Obviously, there is

no interest in having A located at O.
The only interesting solution is A at C or at H.

If A is at C, it is a configuration in which A is on the Rowland

circle and, obviously, the locus of the tangential focal length is that

L

same Rowland circle (as C and D are on the Rowland circle as well.).

e
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- ety

From the general properties of the configurations of that type, it

results that the coma is null for all the wavelengths.
The correctlng wavelength which corresponds to B located at O is )\

so that i *
' sind + sin > - A (sin ¥~ sin J)

Ao

with § = 0

>
Therefore >\ = /\O

>*
If A is at H we know that/\ - m >\°

In this case, m may be easily determined

(1

- Fisono 22 -
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oo/

It results sin /3H - 1 80 /BH - N

A e (4138)

So

Le point H is a singular point of the spectrum.

Let us remini that,if the conventional grating were concerned in the
same conditions i.e. the source point A on the Rowland circle and the
point image B located at the centre of curvature of the grating

corresponding to the wavelength )\o y the focalfs height would be :

hpy-2Zm (sir12/‘+ s8in & fjc(cos)'ﬁ)

(Equation 39 ) f——)

with /3- 0 therefore h, - Z m sin2-°(
= i (135)

Likewise,in the holographic grating case, we observe that, for that configu-

ration, the coefficient of Y¥ ig null (spherical aberration).

As regards the conventional grating with the same parameters, the

ceefes
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D.O/..
4

coefficient of Y is

A4 v gin®

(A40)

grd o8 X

b) '{C - oo which involves K2

Wadsworth mounting.

KI = - cos ¥

R
K3z -cos ¥
R
We observe in that case orcC - _ cos¥ Q%
( equationt3s) D/S"’ R¥siw¥

and hT(e") - Zmx0O%

More generally, it is easy to see that

The equation T = 0 is written as follows :

- cos ¥ + c032P - coeP + (sinP+ sinX) cos ¥ - 0
R {B R R siny~

cos? P + gin (A =7) =0
(B R sin ¥ ) eeefee
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~ Fig. n® 23 -

If C is located at infinity H is at O3 The locus of A at O is without
interest. A may be located only at C. So it results, as previously:

that the correcting wavelength )\ ¥ = Ao

Beco;xsidering the formula (38) o 2 ~— giving the focal's

height of the conventional grating in the general case :

siq‘?/! -Il:__ (cost = cosP)

LLT : Zm
- 4 - R 0052 <
jA cosel+ cosF

In the Wadsworth mounting case, /A - &o

and the formula is reduced to h,I| - Z m x sin /3 which is preclsely

the same one obtainable in the holographic grating case.

el



A64

o]

o

Therefore, the use of a holographic grating brings no improvement to the

classical Wadsworth mounting as regards the astigmatism.

Coma : we may easily observe that the coma is null at B when B

corresponds to 8- in the classical Wadsworth mounting case:
[i_ o] ;

C - gin X (cosz’( - cos®) + gin P (co:az/3 - cosl) -0

£, 4L, R 43 £y R

iffym oo amdp z O C=0

Let us calculate Jdc - : Reconsidering the equation (88-,)
IDNE
. in the classical Wadsworth mounting conditions i.e.
KI - K2 - 0O P - 0

1 :4+cos°¢

£y R

DC - (0032 Po - cos /ao) - cos Po
0 I +Bo R '[Bo

:v(4+cos<>( - 1 ) (4 +°°S°.()6
R R R |

(4H4> ’D c cos¥. 1 + cosx 8
op r?

i
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Then, it has been observed that in the holographic Wadsworth mounting

PC _, d2C - _cos¥ @?

Op Dp Y R¥sin X

We know that, as B located at O is a stiginatic point, the coefficient

of the Term in Y4 is null in the holographic grating case.

One may calculate it in the conventional greating case :

AWz Y [-ees %+ 4 (4 - cosP)
gr> a8’y R

- 1 (0082/4 - cos;ﬁ) (4 - cos P - 5 sz/g)
edy s R §e R B

withs 4 = 4 + cos<

A(4):Y4 - cos¥ + 4 (4 +cosX - 1)
gr> 8> R R

-4 +cosl (4 + cosX - 1) ('l+cos‘<\=- 1)
R R R R

8R

e .



.../..
A(4): 1t - cosd + 4 205X -4 + cos X x cost
8r> 8r° R 8R r2
»
(u2) A (4) - - 14 (1 + cosx ) cos? o<
8>
B at C )
Ko = sin K
KI - 4 (coszf -~ cos¥ )
Ko sin¥ ’€C R
K - 1 (. - cos¥)
Ko sinYy jC R
kK2 - 1 (cos® ¥ - cos¥)
Ko Le Ao R
- gin¥( A4 -~ 4 )
by () = 4n ZC ZRoosw x 6

cos ¥

2,€c

|

cer/e.
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veufen | . | o,

I ¢ - (cos’Y - cos ¥) - 4 + 1 x _2 x 0.
'«)/3 [C R cos ¥

R coszg.-z“’ 22 VAN

So, there are two available solutions for having ocC equal to zero.

1) ’Zc - Rcos Y which involves ( KI = 0

K2 =0
| K3 - sin’ ¥
> R cos ¥

In that case :

(4 -4 )
hT'(B) = Zm . cosy 2cos¥ )

cos ¥
2 cos Y

(u3y By (6) -Zm, x sin\(”.e

J¥c¢

— g 0
- * 00./..

o B



ABS '
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- Fig, n°24y -

Therefore, one may locate A either at O or at C (autocollimatiomn) or
at H.

If A is at O :

-*
sinel + sin }!: A (sin ¥= sin J) is written as follows :

Ao

sin\(: )\* sin --)80/\*: Ao
Ao

If A is at C :

sin ¥+ siny= A% sinY —3 80 A% 2o
Ao

v
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2) ,éc: 2 Rcos ¥

which involves KI - - cos 3
R
K2 --sin¥
48?
K3 =~ cos2 . 1
2 cos ¥y R
Under those conditions :
sin¥( 4 = - 1 )
2cos ¥ 2 cosYy
by (6) = 2m ' xO= 0
cos Y
2 cos Yy

One may calculate the term in hg (6%)

(1uu) hT(Bb) “zm x_2 = x0Y

c032 Y
(1us5)’ ove - 1 . 0%
‘D/"’Z 4 R? sin¥ces’¥

o]
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- Flgo ne 25 -

If A is at H :

A% (m+ Do with £

R cos ¥

0C~- RseinT®

Se )\*: 1 + sin?f AO

(ue) © o sinY with sing, =1 Ry = o
2

eeefen
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coefee

-— Figo n°-26 —

In that case, C and H run together.

A may be; therefore;, located either at O or at C (autocollimation).

The wavelenths ,\*-corresponding to the perfect stigmatism, are

respectively :

A at O /\%: )\o

A at C /\*:Z/\o

B at H KI - 4 (poser - cos ¥ ) -
Ko siny ¢ R .

K2
Ko Lo £ R

ceifen
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o]

9C - 4 (c08®¥ - cos¥) sinlsin (¥-F)

0P R ¢ R coszfi sin¥ sin ( ¥+ fB)
@u?) hT(ﬁ) - Zm sinlsin (¥-P) 2 O
sin {cosz/s

The only solution for having Je equal to zero consists in choosing

-/PC: RcOSX ) 3/3

We may observe that, under those conditions DZ'C and the other

: : . Opz
derived will be null ; effectively : /

0p R ¢ R

¢ - l(cosz?{—cosx) F (}3)

The successive derived are :

O°C -y (0062F - cos ¥ ) D"F"([a)
D/qh R Lc R PR

and DHC_-_O if [y = Rcos¥
3/3"

A may be located either at O, or at C or at H

A at o A% - n Mo
AatC A¥ = (m+ 1)Xo
A at H /\*:zm>\o

oifen
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IX - ABERRATIONS AT GRAZING INCIDENCE.

IX-1-STUDY OF THE COMA AT GRAZING INCIDENCE

First, it is necedsary to keep locus on the tangential i.e the equation

T — O is verified.

cos’ X - cos ¥ + cog?/l - cos P - (sinx+ sin/’) KL -0
Ly R €B. R Ko

If o > N this equation becomes
2

-0 (y4%)

(41-«8> c/céssz/3 - cos > - (1 + sin/‘)

B R

Aie

The general equation of the coma is :

C - Y3 sin « Q:_osz"<--cos°()+sin/z ( cos>/l -cosp)
2 Ly £ R <3 3 R

- (sin« + sin/") K2
Ko

If (= n C is written as follows :

2
C - Y3 sin[!'(cosz/3 - cos ) -(4+sin/3) K2 )
2 5 4y R Ko
We have :
C - sinf (cosle—cos[3)-(1+sin/3) k2
43 4B R ke
Ac=- Y .o
2

cer)..
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A32

R < - X" ~nd

coed e

Taking account of (4q 9) € may be written :

»C:“(" +Bin/3) sinf kI - ke “43)
' {8 Ko Ko

We notice that the coma will be 0 (C = 0) for the point Bo

if sinl> KI - K2 i.e. sinfo - K2 (450)
4y Ko Ko 4B KI

That relation may be-written also under the form :
h .

4 -1 + 4 + sin K1
’eB R COSP cosz/& Ko
.. ; " - Q 2
C:(’]+sinf$) ..SLH_P 1.1.(_I.+(’l+sin/s)sinp_£g_ - k2
R cosP R Ko coszfs Ko Ko

We have now to find out the conditions allowing the enlargement of that
propertie on points B close to Bo, the equation 51 ) being satisfied

i.e. the coma being equal to O for the point Bo.

b !
It means that < -0
A= -
oPp

However, it will be also possible to calcu'l’a-te: the value of C through .A" ‘

the Taylor's formula.

G (p) = G (pe) +BC (po) 0% o' (po) ¥ ..
. . : . 2

® ©being the increment imposed to P o
P = [30 + 6
.../..
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Calculation of D C

P
Let us Wwrite C as follows :

0052/‘3 R Ko Ko

473

¢ - 4 +sinl . sin/i K1 cosf + (1 + sin)b) (_x(_}_)& - K2 coszﬁ

Ko sin /3

. L !
In fact, we take an interest in the value of C as far as C - 0

Under such conditions, if we have

4+sin/3 sin/5 - U
coszﬁ i

KI cosf*+('1+Sin/5) (Q)z‘iz_ £°_‘52£:v

R Ko Ko Ko sin /3

c = \f\/ So C :U’.\/'{’U\[)

but A ul sin/3 sin/i # 0 excepted forﬁ -0

0082 B

Thus, it is necessary that v -0 for obtaining ¢ = O

Then Wwe may write :
. ]

. :U_\/"'H

‘ 7
Calculation of \/

V The question is to derive the expression

KI cosP + (1 + sinf) k1\v - k2 cos”
g Ko Ko Ko  sin P

de have the derived :

- _KI sin/!+ COSP (KT v K2 - 2cosPsinf - cosBF
R Ko Ko - Ko sin/5 sin2/3

]
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However, ‘as we consider the case ¢ =0 therefore V -0

K2 - KI_ €58, + (g)z (1 + sinp, )sm/’o

AKE-R& cos/J

The expression becomes :

- LI sinfor cosfo‘(_lgl}z‘ + [ &I 5;/% + (g;)‘ sih§° (1 + sin/io)]
Ko

R Ko Ko a1 Ko cos /ao

[2 cos/i + cos')’);/3 J

KI [- sin/ao + 2 sin/io + COSZF"’} + (H}L cos /’o +

RKo sin /30 Ko

sin ['° (’1+:s:m)a )(2+cos /g")

cos F sin /3

KI (smFo+ cos [30) + KI) cos}‘s.,+ sinfo (A+sinfe) (4 + sinz/i")
) sin Ko cos . 2
R Ko /3 f° sin fo

- _KI ( 1 ) + (_K_I)Q’ A1 _ (sin,ao costo+4 +sin/ao+ sinaﬁ» sin3/ﬂo)
R Ko sin}! Ko sinﬁ, cospo

KI 4 + [ k1 \* 1 [sinf,(‘l - sinz/so) +4 + sin P+
RKo sin/'so Ko / sinﬁ, cos/’*o

sin2/3 + sin3/5 ] -
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. L - -
KI -1 + [KI 1 ( sin/s°+ 1 + sin/‘o+ sinz/So) =
RKg'" sin )30 Ko sin/s, 008/5,,
KI 1 (KLY (4_+ sinh)?
RKo  sin fo Ko | sin/socos/!o
[
So, we have (¢ = 4 + sin P sin/ﬁ[ KI 1 +
2 Lo
cos R Kot sin )30

_E_I.)L (4 + sinf )2
Ko Sin/‘ cosfi

that may be written :

R Ko 0082 Ko 0083/3 '

Q' - ('1+sin/l) KI 4 + _K_I_z' (4+sin'/:5)2
F

:So:

¢ - 4a+sinl | kI +(_1_<_1_)‘9‘ (4_+ sinf)? (452)

0032/3 R Ko Ko 005/3

Or .

(13

e -(‘I+sin/3) KI 1 + _K_I_L 4_+ sin [
RKo  cog? Ko cos s 1 - sinf )

. . .
Q' - (a4 + sinf) | KI 4 + L(_I_) 1 + sin P ' (453>
co’sra R Ko cosP Ko ’ 1 - sin/3 ‘

ceifen
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]
Therefore one can cancel ¢ if

4
r

KI-2 sinP - 1 (451.1)
Ko R (4+ein/5)cos/3

or, under another form

KI - - cos P ' (455)
Ko R(1+ sinP)2

. '
We may write : C -v.V

4+sinﬂ

coszﬁo (4 - sinp) :

with U

KI 14 - sinh) +
R Ko

<
]

) v + sin cos
%) (4 P) cosp

R Ko Ko

\/’ - - _KI_ coé/‘a + (_1.(_2[._)2’ (- sin/’t+ c>052[3° - 81!12/3, )

but “&LI' "@%e= 4 -~ sin F° - -—_cos Po
Ko R cosp, (1+sinp,) R (1 + sinlzo)Z

' Therefore :

- v \/’ -4 cos?/é" + 9032 Po (- sinfo+ coszfo— sin2}3o )
' 82 (1 + sinpo)®  R% (1 + sinpo)?
-4 cos> Po (1 + sinf )2 + 0052/3 - sinzﬁo- sin /ao

RZV 1+ sin)s )4



1%

- cos> o (4 + sinfo+ cosz/Bo)
R (1+ sin/s)4

1 cos® Pe (2 + sin/%— sinzflo) |
1+ sin[‘)4

- coszf°(4 + sinPo) (sinPo- 2)
R (4 + sin/»o)4

From which.we have :

C '" - 4 + sin Bo x coszfio(4 + sin/so) (2 - sinm
1{2 0082/30 (4 - SinFo) (1 + sin /30)4 .
Cu - 2—sin[3 (456>

R (1 - sinf) (1 + sm;e»)2

In that case, we may calculate K2 fde know that :

Ko
X2 - _KI t;]‘n k1\* (4 + sinp) sin Po \
Ko R Ko Ko cosZ/Zo
with KI = -_éq_fi__ ‘
Ko R (4+sin/4)2'
K2 - = cosf5 sin [ + 0082 i (4+sin/30) sin Po
Ko r% (M+sin }30)2 cos/S r? (1+sin /30)4 coszfo

coefen
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- __1 sin ' - ein 2
r2 ('l+sin)3)2 1+sin p
K2 - - Bin2 P (15}>
Ko R2 (4 + sin/!)3 i

So, we have the coma equations as follows :

Cz (1 +sinp) sin? A4 KI + (4 + sinP )sinl _K_I)Q' - K2
) R coslﬁ R Ko 0082)3 Ko Ko

J ¢ - (4_+ sinf) ‘K’Iv+_K_IL (4+sinf’)2
'D[s cos?'/? | R Ko Ko V cos/;'

with K2 = KI tg R, + g_)z' (1 + sinp)
Ko Ko Ko

0'C - 2 - ginp with KI - - cos Fo

'DFZ,' RZ 1 - sinf-’ )(’1+si_n)5)2 . Ko R (4+sin/’5 )2
_!S?_ - -— Sinz /3
Ko g2 (M+sin p )3

Comment : It cun be easily demonstrated that if one introduces the grazing

incidence conditions into the equations (88) and (83)

—) We rightly find again the above mentioned

equations. , . ../..



119

v

a) DC - XI s:’.n/3°-_1_(_g_ cos/bo-n— (coszfso - cosF" 2 KI ’-'5./30
- Ko 1}30 R Ko;

cmnfe (28Per 1) - Ezif__] -0

The tangential incidence conditions are :

cos2l - cos P —(/|+sin/5) KI -0

‘{B R Ko

- 4 - A+ arsinf K
'eB R cos/’s cosz’/3 Ko
sin f  KI - K2 ( coma = 0 )
"eB Ko Ko

The gen’eral equation dc - is @
a op p
de - KI sinlgo— sinf KI .cosfo-i— (1+sinf) XI [.2 K1 t'j:fo
Ko

?p  RKo Ap Ko Ko

.,.sinlio (2‘.'5}}0 + 4 ) - [;zlpo }
»8130' f}[’o R

= KI  sinPo- KI sinpcosf( A+ 2 +einl xk1) +
R Ko _ Ko R cosF cosafo' Ko

2

KI L(’1+sinl3°)tJP°+(4+sinP) KI sin,so(zt;,:°+ a4) (A + d+sinfo KI)
Ko Ko t} f" gcds.ﬁo‘;cosz/’o Ko

- (4 +sinp) KI lbngf.o
RKo‘

e
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LA o g
ooo/oo .

- .KI {einfo— sinf,,+(4+sinf)tyfo(2ty/so+

R Ko

1) - (A+sinp ) f;"/ioJ .
t}Po

+ [ ¥ (4+sm/3)t';/s+ 2 (4+sm)s) t‘}/i +(4+s1n/s) smf( 2bft A A )
Ko cos /'!a t;f°

= (+sinp ) rK_I_ (i;‘P°+1) +(5_I_)2' [e}p44+smﬂ (285 0+ 1)]J

L R Ko Ko ~cosp

R Ko cosz/s 3

- cos /5’ sinZ? cosz/sJ

= (1 + sin/l)( KI 1 +( H}z(smﬁ (1 —sinzf+2sin2F+cosz/3+ZSin3/3 +

-4 +sinP [ kT T4
coszﬁ R Ko. 0082/3

+ g)’“ (1 + s’in/’)zl

| KO COS/_)

b)p Jtc - KI sin?l (1 + 1)+ E)L'éiﬁf”ﬁ sin /
‘ ()/31' R Ko cos P 2 é‘je‘f‘ Ko

o+ 2K tyip(cos® - cosf) (3 + 4 ) +
R Ko B " R 2 tﬁaﬁ

( con?Prusrmos P ) [ al (3o -Lee - ew)}
=

{43 R

___E(1+1_)+Klsm[5+4 sm/3 +2KIC7‘/3(4+8111/5)

" R Ko cosp 2 t?/‘ Ko ELS 2 Ko

3 + + (1+sinp) smf(§+3t ) =t Q“?b )
;- . )+ P[zB 3+ 3tp) ~bp ;f}}
- L
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- KI Sinzp (4 +_1_) - 'sin PcosP + sin3/3 “Zcosﬁﬁfﬂ(§+ 1)
R Ko cos/& 2 t; ’-}3 (4fsin/a)2 2cos/!-('|+sinf) 4+sin/5 2 t}‘/’

+ (4 + sm/&) __L_ (5 + 3tﬂ,}5) _t}/s(}_ + 2&';&/3)J \
cos (’I+s:mf) 2 2
f , J

Or

KI_ i&n._z_’} @+ 1)+ gin> B -smﬂcosﬁ +8in2f( 5 + 3601 /s)
R Ko/ cosp 2 bj"/’ 2cos p (1+sm/‘) (4+s1n/i) cos b 2

-2 cosﬁbjl ( 3 +_1_ )-(1+sin P)(‘jfs ( % + 2t(71/3) }

4+smf> - tj"/’
KT sinzj? 1+ 1 +5 + 3t7¢)3- 3 - 213/9 + sm /i - sinPcos /2
RKo cos/“s 2 b; 2/5 2 | 2 cosfs (1+81n/3) “ + smﬁ)

- gin P (3 + 2(-7;/’) ~ 3 sin® P+ 2 cos® P
cos f 2 cosp (4 + sin/S)

KI sinZPQ +tjl/"+ 1 ) + sin3/3—6 sinzp - 4 0082}3 -2 sin/a’coszfS
RKo}cos[* 2 Lgtp 2 cosp (1 +sin/3) 2 cosp (1+sin/3)2

- sinl sin [ (3 _+ 2 kg /a)J

cos/"
KI j sin F (3 + sm4l;+ cos4P) -2 sm) cos /3(3 cos P+ 4 sin /3)
'-u(o‘\ cosﬁ 2 sin [5 cos )3 2 cos ﬂ 2 cos /’5

+ (smSP—S smﬁ- 4 0082/3)(1 + sinP) - 2 sin cos? P
2 cos/i (A + sinf )2
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KI sinzp( 2 ~ ginf coszﬁ) - 6 8in Fcoszﬁ- 8 sin3/3
RKo cos/’ 2 coszl’s sinz/S 4 cos3 [3

+ sin3F - 6 sxinz'/3 -4 cosz/3 +sin4F —681'_n‘3/3-451'.nf3 cosz/3 - 2 ginf cosZ/’Z

2 co‘s/2 (1 + sin/i)2 J

. KI 2-sin2/’cos‘2/’ - '3 gin /3 0032 /3—- 4 sin3/3+sin4/3-jsin3f-Zsinzﬁ- 4-6sinfcos%
. @{o 2 003323 2 cos/3 (4 + sin/S)2

KI [2—38111 P(s.mi"g +cos ﬂ) -sin fcos F-$m3f’+ sin F—4-531n/3(51n%¢-cos%’ ) -
RKo 2 cos /9 2cos/3 (/|+s1n/3)2

sinP 0082/3 —ZSinz/sZ

)

KI (2—381nf—sm3ﬁ-sm P-cos /°+ sm4P —4—58m/-smf(1-sm P) —281n2F
RKo/ 2 cos /'5 2 cosfd (1 + sm/3)

Q 2-3 sinP—sin3/’—sin2/scoszlg+ (sin‘3)3 - 2 elnp- 4) (1 + sin/;) I
RKo| 2 cosf’ (4+sin/’)(1—sin[5) 2 cos/’i (1 + sin]’ﬁ)z }

2—3sinP —sin3/5 —Si'nzlgcoszfi +isin3/5— 2 ,sinP -4) (1 - sinF)
2 cos}"(1 + sin/‘) (1 - sin[i)

“KI

K

2—3smP-31nf-sm2Pcos P +sin /s -28111[5-4 =sin P+2s1n 'f"+ 451:1/3 ]
2 cosf’(1 + 31n)3) (1=~ sm/3)

"
)
|

- KI [ =2+ 8in® P- sin B

B RKo \ 2 cos p (1 + sinf)(1-sin/3)
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- (sinzle—- sin P~ 2) cos P
R ‘2 cbsf (1 + ainF )3 (1 - Sinf)

The numerator is divisible by (1 + sinp) There is left :

Q¢ -_- -sinﬁ+2

D/M 2 B (1 -sinp) (1+sin/>)2

oo
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. IX = 2 - STUDY OF THE COMBINATION COMA -~ ASTIGMATISM
AT GRAZING INCIDENCE.

m"

We are going to reconsider the relations established previously for the

astigmatiem and the coma at grazing incidence.

First, we notice that the equation T - 0 i.e.

coszo( + cos'?F - cos¥+ cosl - (sin o+ sinp - KI - O

is, with - M

2
cos>/> - cosf + (41 + sinf) KI
s - & | i . (?sz> |

Therefore, we see that the locus of the tangential focal length at grazing
incidence is independant of the distance la . If KI - O this locus is
the Rowland circle (Let us remind that KI — O _~8:. negards the classical
gratings).

The equation S = 0 i.e

A4+ A -cos%+ cosf - (sinX+ sinp) K3 - O
»fA ZB R Ko

is, with o= 0
2

.

1 + 1 —<:osfi -(4+sin[5) 5;3_,.: Y <’159)
lA '83 R Ko

cesfen
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Precisely, the choice of ZA will allow the astigmatism to be reduced.
It is the combination of the equations ({58 ) and (1S9 ) which makes

possible obtaining the relation of the astigmatism reduction ‘78 -

Let us consider the equations (/% - 0 ) A =0 224

P 9P

(equation 22,2nd report)

‘)?- 0 ——% - cospo; sin’% + 1 + sinle KI - K3 cosp, (1 + sinp, )
' 7 R cos i, Ko Ko ;

34-— 0 > smlo - gin%/o + 1 _+ 81n/30 KI - K3 ( 0082/4 - smﬁ)
DP £ R 008/3 Ko Ko

485

0

N =0 —=> cosl?a: 2 cos2 fo + (1_+ sin fo)? KI + K3 (cosp,+ 2 sin2/3°)

'5_/?{, Ly R cosB/so Ko Ko
C = A +sinp | sin 1 KI + (4_+ sinP) sin/ g) - K2
R coe)ﬁo R Ko~ 0082/3 Ko Ko
L

\
)
"

(4_+ sinl) KI_ + [KIV (4+sinl)?
Of coszfg ‘L R Ko ( )

with X2 - KI t§p+ [KI 2 (4,+sin/s) sin /2
R KXo Ko

Ko cosz/z
D__’E_—_— _2 = sin P with KI = = cos A
Opr B2 (1 - sinf) (1 + sin/5)2 Ko R4+ e;in/s)2
g_g_ - = sin2/3°
2 3
Ko R (1 + sinf)

ceef-e

{
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We notice that the relation D A - 0 is significant only if A -0

0P
Likewise with the relation 3o 4 _ o ip 4 —Oand 2O -0
e T i >p

2
We are going to modify the form of the relationadg, PR and 2 A

Dp op2
by using the relation S - 0 e R | + cos /> + 1 + sin/l) K3
Ay <3 R Ko

Vﬁ = O is written as follows :

- COSPo( -4+ 2‘13_13_** (1+ sin/'i) XK3) - si_nz[’+ ’I+sian -cos/!o(ﬂ+in/su) K3
43 R Ko R 008/3 Ko Ko

cos [? -4 +3+ gin /* KT However, that equation is not sufficient:
LB R cosﬂ Ko It is just the equation T - O

The equation S - O must be added for
obtaining A= o |

op

D*’Q‘ - 0 is writtén H

by
b

sinP,,( -1 + cosPo + (4 + sin/3o) K3) = sinaﬂ + 1 + gin Po KI
B R Ko R coszﬁo Ko

- (cos2 Po - sinﬁo). K3
Ko

- sin P° - sinfocosfe + 4 + sinfo ‘KI - K3 ( coszfo- sinzfo— sin fo
-€3 R 0082Po Ko Ko

+ sinfo+ sin2/3 °)

- sj_nPo: sinfocos fo  + 4 + sinfo KI - K3 cosz/’o
44 R cosz/‘o Ko Ko

oefes
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Dl"f‘ is written as follows :

D;ab

o . 2
cos}?o - 1 + cosfo + (1+sin/°o) K|~ 2co0s2 fo + (1 + sinl) KI
‘ZB R Ko R 0033/30 Ko

+ K3 (cos/go-f 2 sin2/’o)
Ko

- cosf° = cossz- 2gin’Po+ (4 + sin?°)2 KI + K3 (cosf.,+ 4 sinp,cospo
'eB R 0033/3., Ko Ko

- gosﬁo— cds/’o sinfo) ’
- cosP°_—; -3 sinzfo+ (1_+ sin?°)2 KI + K3 3 s:‘.n/:i0 cos fo .
5] R cosjfo Ko Ko ° -

S0y in 1 ,A the :equations of no-astigmatism ‘are as follows o
L3 - | J |

=0 -3 cosP:'1+'l+sinF KI
’eB R coas)3 Ko

+3
i

S=0 —-—>» A4 +_1 :cos/’ +(4+éin/3)§;_
’fA [B R a Ko

<1Co7

04 _ 0 —y - sin Po - sinfocosFo +4 + ginfo KI - K3 °<;92fo
9/3 ‘€B R 0032/’50 Ko Ko

D"v‘l-: 0 —% - cosfo = 21-3 sinzfo + (4_+ sinPo)2 XI +3 sin/!oooa/’,,@_
'D/az, {p _ R 6083[30 Ko Ko

. ()
Y
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We notice that the first of these equata.ons is not d% ~ 0 but just T-0

For having effectively 0?;- 0 it is necessary to add S - 0 i.e. we are
placed .under the condition in _4_
Zh S
. _ .
- cc;'é)g" - sin?Po  + 4 + sin ﬁ° KI - K3 cos/’o('f + sin/so)

"& R cos Po Ko KXo
% S P

From pages: n® 43 and! n° 44, -—) we have seen t‘ha_.t the solution of the

three equations system J{_ o> Drfi“:o oA — o 1led to

0 op
KI - -_1 2.+ sina'f3 . cos/l (464)
Ko 2 R (1 + s:i.n/’)‘3

One may deduce that

cosF_—_'l—ﬂ 2+smﬁ.4+am/’.cos/§
’eB R "~ 2R (1+ 81n/3) cos fi

cos P = 1 [1-—2+sin2[§

2 (44 sinp)?

cos ' - sinP( sin P+ 4 )
462 -
(1e2) /p (1 + sinp)?

Let us remind that our comments about the being conditions. (page R°-50

——mm————— and follouing) had led to a discussion regarding the pnodu'otfs

sign s’iin[‘ i\ i.e. We finally wrote that,[A should be positive.

»

e
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It had been established :

|

_L_[sm/s(z-m/;)_ + sin?pe }

Ko R COSBFQ 2 (1 + sm/\)

and
cos?°:2coszf°:2+sin2ﬁ° + 1 + asxin"r
Ly R 2 B(1 + sin f°)°°57’o R coszﬁo i
sinfo( 2 - ainz/io) - 2 + gin2 flo
2 (1 + sin/so) |
(equation 49) - VoL

First, we know that it is impossible to obtain 9°C - 0

9/32

Let us see if  there is. a minimum value of that function.
We know that if C and ?2¢ are null

/%

9% _ 2 - gin P

opt R? 1 - sin Y(1+ s‘in/!)2

P D2c P _oke
| =7F DR
0’ 2 - 10° 2,7122
10° 1,6045
150 1,4825 - 150 3,2664
200 1,3991 - 20° 4,0309
25° 1,3499 - 25° 5, 10823
30° 193333 - 30° 6,6667

veifen
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B dre P _
VP Opv
35° 153509 - 35° 8,9943
40° 1,4079 - 40° 12,6075 ;
500 11,6911 - 50° 28,6148
60° 2,4308 - 60° 85,5692
70° 4,6730 - T70°  416,7044
80° 16,9625 - 80° 651559
850 66,1995 |

At this stage the whole conditions leading to,}% -0, P = 0 and

o
_ 'Dl"@ - 0 have been determined and we know that we can determine
o PpL ' —!c
and 1 through the relations (52) —
£y :

Now we are trying to determinewhether the conditions of coma null and

‘of no—-astigmatism are compatible.

1) 12 A= o0
oA _ o ———>KL--_2_ 24+ sin®/* ~ cos 8
575. - Ko 2R- (1 +sin/a)3 : N
024 - o
‘D/w—

if ¢ = 0 &
—3 K1 :—cosF°

D¢ - o Ko R(4+siny)2,
P k2 - - sin®Po

L2 )

Ko R (1 + sznf)

IB it Comjatible ? c o-./-.

‘\n
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- cos Eo - -4 2 + Bin2/3 008/3

(1 + sinF)z 2 (4+sin/3)3

2(4+sin/’5) - 2+s;i.r12/3

« sinp (2 - sin/l) -0

The only solution is /BO: 0

Observing the solutionf -0
KL - 1 K2 =0

Ko R Ko

The equation (45§ ) 1leads to

1 -
— s B -
A3
The equation (159 ) leads to 4 = 2 - 1 + 4 (-1)
<4 R R R

80 JéA:M

It does not seem that solution being of a great practical interest.

Therefore we may conclude that it is impossible to obtain simultaneously
(A4=z0 24 -0 31430
P Ipz
é Cz% ¢ 0
: 'D/s

11 ) Therefore, one condition
is to be left.

Let us leave A -0

295-&’—: 4 +4 +sinfo KI
B 5 cos /3, Ko

- sinP": sinfo cosPe  + 4 + sinle KI - K3 0082/30
<p _ R COBZPo Ko Ko

ceefen



192

4+ a4 =-gcosf — (1 +sinp) K3 O
LA <3 R Ko
o2
E-I- - - CO8 PO K2 : - 81n /So hd
ko Rassing)? Ko R (1+sinp)’

So we have :

cosl?": 1 - cos Po x 1+ sinP" -1 - A
<3 R (4+sin/s)2 R cos Po R R (4+sin/30)

L s
' 4 - sin F"

’(B R cosfo ("I+siﬁ fo)

. (4637 . ’ZB - Rgcosle Bo (1 + sm/?o)
- 8inpo
‘—s1nﬁox smPo -sm oCOB?" -4 +smF°xcos/° - K3 coszjso

R cos]%(4+smf,) R R cos /ao ('1+sm[4) Ko

4 - sinf°o - K3 cos o

- i

R(1+sin Po) R Ko

K3 cospoz 4 (sinpo- _4 )

Ko R 1 + sin/!o

(Aek) K3 = sin2F°+ ginfo- 1
. Ko R cos fio(1 + ainf.,)

eifes
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sin F°

- cos o ~ (1+sinP°)

193

sin’fo+ sinfo— 1 = O

R coef.(’Hsin/io) R

R cos )‘o

- cos2P°+ sinzl’o+ sinfh - 1

1 + sin)"o

41 + sin Po -0
Ly R cosf°(4+sin,so) R cos pe
4 - -sin Po +sinfo - sinfo (4 - _A4 )

2

R cos/a°(4+sin/3°) R cos/l,,

1 = sinz Po
a7 R cosp, (1+sinpo)

If the following conditions are satisfied :

R cospo 1+ sinﬁo

,& :' R cosP°(4 +gin Po)

sinZPo

@65)

,& - Rcosrfo(‘HsinP") -’[B: R cos Po (1 +sin/?°)
sin Po SinFo
KI - - _cos F" K2 - -sinaj%
Ko R (4+sin)3)2 Ko 2 (1 + sin f)3
5_3_ = sin2P° + sinF— 4
Ko R cosf( 1 + sinﬁc)
Wwe have : - 0 _D_ﬁ_ =0
cz © Jec -0

i
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2 ' X
Let us study the value of 0 A 2
0 P

bz“’% - cos Po+ 4 — 3 sinZPo + (14 + sinfﬂz KI + 3 sin/‘o cos[’oﬁ

D/“* [B R 0083/30 Ko Ko
= cosPo gin fo + 4 -3 sin2ﬂo - (4+sin/'°)2 cos FO
R cosPa('I + sin fo) R 0083/30 R (‘1+Sz‘.n/1.,)2

+ 3 sinbs cosﬂ(sinz/’o + sinfh - 1)

"R cosfo( 1 + Sinﬁe)

ainfor (4 =3 sin2Po) (A+ sinf) + 3 sin Po + 3 sinfo~ 3 sinFo

R (1 + sinpo)

- 4
R cosz/:.,
- 1 -sinbfo - _4 ~ (4= sinB)? - 1
R (4+sin/3°) R cosz/io R cosz/io
(166) . _0*A _ sing sinfi-2
D/Z* R oosz/o,,

From the formula ( 46 ) the focal's height may be obtained

sinPo (sinPo~ 2)
hi g, (6Y) -2m x R cos“Po x O

4 - 4 + sinfox cos Po

R cos Po (4+sin}3)2

. SinPo (sinPo" 2)
hT (6Y - Z2m x cos Po z o

2 4 - _4
4+sin/b

eesfee
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h g (9.) - Zm x  sinlb(sinfo= 2) x 4 + sinfe x 8%
2 .
cos fo sin Po
(162) n (0% -zu (sinf-2) (1+ sinfy) 67

2

cos/% Sy

Particular case /3 - 30°
to the minimum of D

0 pL
cos/a: V3 sin/;
2
= 3
j - R 2. x 3 - 3 V3 R
B - 1 2
2
V3
{A-R 2 x 3 :3\)3-"R
> ‘
a1
]
k1= - V3 x4 = - V3
Ko - 2R (-3-)2 9 R
. 2

K2 = - _1 x 4 - - 2
o w(3)? 21 &
: '__1_+__1_—’1'

B 4. 2 - -_1

Ke

Ry3ix§_ 3\53
2 2 :

This case is interesting as it corresponds

cefen
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III ) KI - K2 - 0 at grazing incidence.

de have seen that. the.equation of the coma at grazing incidence

is: ( 449 ) -

c- X ( '1+sin/3) {ein[f KI - gc_zfr

. 2 48 Ko Ko

Obviously the condition XI = K2 =0 1is gsufficient for having
Ko Ko

the coma null whatever the point B is.

We have seen, page 54, o————— that the conditions KI = K2 - 0

led to two groups of solution :

1) £,

Rcos ¥ C2) /C - - B cosJein¥ = cos> ¥ein J

sin)’(oos‘(—- cosd

/€D - R OOSJ o
pp --R cos2d sin¥ - cos> ‘(sin‘f
sin¥( cos¥~- cosJ)
The equation of the tavngential focal length is : *
cos /* - 4+ 4 + sinf KI R *
43 R cos/i Ko

If KI -0 | .fB - _‘R cos F“’“”"‘" e
Ko :

The locus of the tangential focal length is the Rowland circle.

veefes
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‘The equation S = 0 is :

1 + 4 -cosP -v(1+sin[5.) KB.: 0
’(A ‘?B' R

(H68)

or - cos P"‘ - sin2F° - X3 cosfa (1 + sinfo)

The equation (468 ) shows clearly that — for some wavelength correspondjng
to )'59 y—it is possible to avoid the astigmatism by choosinng in such a
way that the equation (468 ) may be resolved.

So, the method consists in :
. chogsing one of the solutions In 'ZC and ’[D allowing KI and K2 to
be zero,

. calculating K3  and deducing ,£A from it.
Ko \

-de may calculate the value of K4 that would allow the term Y 22 to be zerol

Y z° [sin‘(( 1 _-ocos%X) +sinf  ( 4 - cosl?)
2 'eA ~eA R ‘ZB jB R

- K4 (sin«+ sinf )}

Ko
_Y_é 1 + s’m3/3 - K4 {1 + sin /’s) ] (46:37
2 _ [AL R2 cos2/3 , Ko : ‘

— /..
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By applying the general formula (45 ) we may calculate the focal's

height in the case of the equation, being satisfied |

a9
- sir;P+ gin2 /' + 1 KI 4 - K3 cosz.f —sin2[‘
4y R 2 Ko cosz<_+_P Ko { 2 cos2 X + tg x+p
by (O) = 2o 2 2 v
- 1. c0s’® + A +éagat+f5 KI
cosX+ COSF '(A R 2 Ko
‘KL z0 =z L
Ke 2.

- sinP+ sin."![a - X3 [cosz/2 (‘Hsin%, -=sin2/3 (1+ain/3)J
h' (6 ) - 7m x ‘_'ZA R Ko cosf cos f?

T
4
R

- sin P+ gin2f - K3 [(21’28'13)3) - 2 sin/sb(ﬂ + sin/io)}
! L
L (0) =2m x A R Ko

4 ’
R

(4?") h'T (@) -Zm x —sin > + sin2 Po-2 K3 0052/3] Rr.O (—
La R Ko -
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SPHERICAL ABERRATION AND LIMITATION OF THE GRATING'S HIDTH

We have established that the fourth order term of the optica‘l' path

Az AXK+¥B - RA (wc-xd) -9° °
, Ao & o
might be determined from the fourth order te_rm of expgns,ion 0f A Nby .
~calculating M B M C M D as previously made for A M and leading to

the equation 23. .. - S

an(4) vt ja (4. - cos¥®) - 4 (cos¥~ cosX) (4 = cos¥- 5 sin2X)
8r°  Aa R 84, % u 4 R, “a

n

+ Y2 22 (1 - cosx) [ 4 - 1 £ 1 -cosX) + 3 ainacé]
82 , _ sin T
4 r |4 41, A2 R 4 02,

+Z4;4"(:1____-cos°( A -1
\5 4r  r |g? A

',('1 —coevd)‘

{A R

He are going to see how the term in Y‘4 is generally linked to the

grating's width. Effectively, let us suppose we are on the Rowland circle

A l!(4) - r* sin2oC + ( ) YT o+ ( )Z4
8 33 cos ot

Page n9 37i-——---=i, we have seen that the height of the tangential
focal length, in the case of a classical grating.used on the Rowland

circle, is :
h, - 2 m (ein + sint’(t;o(coszﬂ’)

(equation 39 )¢ = - .

We observe that if  ~——> N the coefficient of Z m becomes very high
2

and hT as-well.

cerf e
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Then, we are obliged to.limit the value ef Zm 'if-we’want hT to benllm1ted,

of the P M'is limited. =

If we use a photographic film the whole flux is divided by the focalls
height, so the illumination decreases while the focal's height increases.

. ‘ ’
Those remarks lead to the limitation of Zm due to focal's height considera-

tions]at leasf)és regards the conventional concave gratings.

On the other hand, Ym is not generally limited to the fourth order stage

if we work on the Rowland circle j; effectlvely, we have seen that,in this

3

case, the coma i.e. the term in Y~ is zero.

"t

First, let us study the exémple of the conventional grating operating on

the Rowland circles

A (4) - a w4 ,np (4 - ¢ (sin®<  + sinf ) ¢“34)
8 R3 cos X cos/a

We observe that it is the formula given by J.E. Mack - J.RH. Stehn and
Bengt Edlen.J.0.S5.A. May 1932 under the form

w

4 .
AP+ PA' = ...+ 4 (38 ein0 +¢30781n6)
8{3

Placing side by side the Mack's notations § © -« £

and ours | § a,

The method of calculation of Ym cemsistsin saying that it is not hoped that
/A be greater than A , for example, which corresponds to 80% of the

theoretical resolving power of the grating.



(72)
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One also may calculate the widening of the image for a giveri value of Ym

by using the relation of Nijboer given in the 1st report,

dj: cos A O A - gin \.{ O A

cos w O w sin w D‘P

Y is the azimuthel angle of the pupil

w is the aperture's angle of the beam

Y = Y mcos VY
w - Y
R

However, the relation of Nijboer is rigorous only if the pupil is
circular, that is not the case generally for the conventional gratings
due to precisely the above mentioned considerations about the influence
of Zm over the slit's height.

Regarding the holographic gratings,' the term in Y4 of eipansion of A
is written :

A

(4) 4 2 2
=¥* ] 4 (4 - cosd) - _1 (cos™ - co8X) ( _4_ - cosX - 5 8in¥)
laRz {A R 8'{“ '(A R ‘(A R (A

+ 1 (a4 - cosF) - 1 (008'2’3 - COSP) (1 - cosl’ - 5 Binz/j)
8R2 {B R 8 ]]—3 (B R {B R ‘/B

~ (sin«+ sinF) 4 ( 1 = cos¥)- 1 @oszb’—co\ﬁ)( 4 ~-cosd
Ko 8 v A R gfc 4c =& fc =R

-1 (1 - coSLS) + 1 (OOBzJ- cosJ)( 1 - cosd - 5sin2¢f)}
8 R° 4p R g {p <o R *p R Zp

ot

4
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That equation is rather complex and is numerically calculated in a speci-

fic given case only.
However, we notice that if we are on the Rowland circle and use the

group of solutions 'ZC - Rcos¥

‘éD: R cosJ

and if, on the other hand, [A - R cos X

A
o
|

R cos /3

(4) .
A isg reduced to :

}

A(lo - 1 -cos® + 14 - cos P - (sinX + sinf) [1 - cos ¥
8r% | {a R <43 R Ko o R

(433) ~ (4 - cosd )]

A - 4 gind 4 einZP - (sin« + sin/”) K3
8r J Rcosd R cosl”s Ko

Let us remind the formula ( 1€9 )

Bp = Z2n [ sin®% + gin®P ~ k3 R ( sing + sin )J cos p

cos o cosl’i Ko

So, we may say that the spherical aberration is in direct ratio to the

ceefen
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e

agstigmatism.

_ 1 )
Specially if we want obtaining X3 - _~ . [S"“’Z + Simip

Ko R(An'wo{-f—-din.)?) Cod & w,‘P

E

the astigmati‘sm and the spherical aberration are simultaneously null.

(‘Ixi fact, as regardts the spherical aberration, the widening due to the

term in Y4 ie more precisely concerned).
Let us calculate,in this case,the coefficient of the term in Z4

2
Z4 A (1 - cosd ) - A1 (A - cos%) +

8 | & £ R £y Lx o ®

- A (. —cos,’.’)‘.“- 1 ( 1 ...'0"08’/3.}.2' -
Rz ‘ZB R 13 'ZB R

‘(Bin°<+ ginP) 1 ( A =coa¥) - 4 ( 1 --cmﬂf)2

| Ko g2 de » Ae - L R
i@:;?} S o B
- 12_(a - cosd) -4 (a_ - cosJ)z]

g2 40 R 4y Ap R

that may be written :

gl’ 4: 4 -~ co8l+ A4 - coslP =(einX +sinf) (’1' - cos¥=(4 - cos&r)
8. m? £, g As R Ko e R *p R

-4 (A - e0s®)? - 1 (5 - coaf)?-(ein%+ sinf)| = 4 (4_—cos¥)?
Ay 4y n tg 43 = Ko fc <¢ =R

+ a4 (4 2cosb)? ] |
Ly 4p . & - ceefen
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From the first part of this expression, we identify the coefficient of

the term in Y4 which is zero according to our hypothesis. The term in

Z4

is therefore reduced to :

AL‘).._ 24 sin?® 4+ gin* P - (ein%+ sin P) sint¥ - sin?d ] (174)
8R3q_ co§_3 o cos3/3 Ko coa>¥ cos>d

heteat

In the same wWway and under identical conditions we may calculate the

term in Y2 2.2 o

First, let us consider the term in ,PA y o<

AH(4)-_- 12 22 1 (4 -cos®)+ (4 =-cos?) (- 4 (2_-cos¥) +
482 Aa R £ R 4afa 42 R

We are on the Rowland circle ; the astigmatism is supposed to be equal to
zero and we attempt to calculate the coefficient of the term in Y2 Z2

corresponding to A (4) . .

" For reasons identical with those indicated above, the sum of the terms
in A1 ( 4 =-cos ) will be null.
4R® /4 R

Then, we shall have to add the terms such as :

A N(4>: + Y2 22 (A4 -cos¥) [-_2 (.4 -cos«t)+ 3 >sin2°<]
{4 R 2 Ay A R 4 “La
el e
with : ,PA - R cos«

coef s
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a4y v 22 1 gin®xX [o 4 x sin’< + 3 sin’X
Rcos o 4 Rcos®X R cosd 4 ,{g
AN(4): Y2 22 sinz‘( x 1 gin’ <
R cos 2 R2 cosz.,<

47 5)

am (& _ y252 0 gt
2 113 cos3o{

So, under thobse conditions, the whole terms of A(4) may be written :

A (4) = sin4’( + sin4/; - (sin¥ + sinf)(ein4b’-sin4¢j) (Y2 Z2 - Z4 )
G?‘é> cos3a( cos3[5 Ko coe3b’ cos‘w 2 B 8R3
We notice that A4) 1g zero if ¥2 - 22
4
-t
(4--?'5‘) or Y _____;]g_ Z

ceefen
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Now, we are going to study the problem relating to the spherical

aberration at grazing incidence.

The problem regarding the coma and the astigmatism both equal to zero
at grazing incidence under the condition KI = K2 - 0 has been

examined ( }’> o 9494 ) Ko Ko

That led us to say that the astigmatism was null if the'condition

- cos Pe - sin® Po - j<} coe/%( 1 + sin/ib)
L R Ko

was satisfied.

(122)
However, in grazing incidence conditions, the formula providing the
value of the term Y4) of A(4) y i3
INCE ré 1 + 4 sin’P —(4__+ sinf) K3
8 R2 A 8 R3 coF 8 R2 Ko
(Let us remind that ,éc - Rcos ¥
"?D - R cos J

R cos[? 5 but to avoid the astigmatism,
the.relation ( ) is to be
satisfied,

Ay

- cos F - sin2 f - K coslgo ( 1 + Sinfo)
L2 R Ko

By substituting 1 for its value, we have :

La

(4)
- 4 - sin’ P +K3 (1 + sin/;) + sin2/’ - (?4+sin2}’4) £
8r? R cosP Ko KCOJ/; Ko
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Therefore, the term Y4 is zero if the grating operates at grazing
incidence with C D and B on the Rowland circle and A chosen in such
a way that the astigmatism is avoided.

So, the spherical aberration and the astigmatism are simultaneously

avoided in this case too.



Pidd

XI - STUDY OF THE SURFACES TYPE

Qo8

ELLIPSOID.
HYPERBOLOID.
PARABOLOID . of revolution

used near the pole corresponding to the axis of revolution.

Let us write the equation of a quadric of revolution under the form :

¥

(193) 2+ 22+ (1-e)x2-2rx -0

1) €is defined as the eccentricity of the conic section

2)

the term containing R is the axis of revolution

Condition

1-e%_0

4-42:1

1-22¢0

conic

parabola

sphere

hyperbola

ellipsoid of revolution about major
_ axis

ellipsoid of revolution about

minor axis

coefes
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From the equation (’l?‘ 5) we are going to use the same method as

previously followed concerning the spherical mirror / — — —

1 ~-e?
%
R+ R[ﬂ 1-¢ (Y2+52)]
X g
1 - e¥
The equation of~fhe quadric may be written :
(439) X - Y2 + 22 + 4 - e¥ (Y2+z2 )2+LP(Y6,Z6)

2R 8 »3

Wecheose a source point A located by three coordinates Xpr a0 Zp

with /¢ an +ya2+ ZAZ ‘ '

and f|1CM is a point of the quadric surface,

AM -(X—xA)2+(Y-yA)2+(Z-zA)2

%

2

X +Y2+Z2

)
_2‘){114,'—2YyA-22zA +xz+yA +z"A

By substituting X and %2 for their value

T Y¥+e28ea-er (34282 _2(y Y+a 2)
- A 3 A A
2R 8 R

+Y2+Z2 +(Y2+Z2)2
4 R?
.../“
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that may be written by arranging in Y and 2

l”A £ reY

. | 2 3
AM :sz["-2(.’MY+ZAZ)+Y2‘*Z2 ' XA ()‘Y+/'Z)
A

4R? R
3
—_— (2,
We have A M° = 45 (1+0)
so aM =4, (4+ B - B0+ 0° - 569,
2 ' 8 16 128
8:& 1 -2(yAY+zA_Z)+Y2+Z2-_x_ (Y2+Z2)
l R
2 Z‘gA
2 . .2\2 )
+ (Y +Z)[4—_§ (’1*6)}
2 R
4R
0% N2 02 2 2 2 2.2
- - 4y, Y + 2, 2)7+(Y° + 2%) + 2% (Y° + 2°)
g1 R2

-4 (yp Y+z, 2) (Y2 + 2%) + 4 xA (3, Y+ z, Z)(Y2 + 22)
' R

-2xa (Y2 +22)2
R

corfes
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.../'.
+ 0P~ 4 —-8(yAY+z»:AZ)3 +12 (yAY+zA Z)2 (Yz+22 )
= 75
16 16

w

" 123 (g v+az, )2 (%427 )}
A A
R .

4

_58H~-5116 (yAY+zAZ)4
- x 18
128 1284

Arranging we have

ma-{,

-yAY+zAZ ~;;'§§,;‘
44
e Y2(4‘-1A -YZA ) + 2° M"‘A'—OCAZ )_2&‘ 2, Y3
2.4, B2y R 42y A
t AT 2y YP(1-x, 5%, ) + 22 (4 = x, - 22 ) -2y,2, Y2
3 A A A 7A A A
2 ) .
24 A R La R £Z Y
v A @e28)? [1-:A(4-e2)— 1 (12422 )2
2 = N
24, 4R R - 84}
A B

ool
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.‘./..
- 2 2 2,2
;.{3 . ; (Y2 +25)% + Xp (Y2 + 22)2 + 12 (yAZ+ zAZ)z(Y2+Z2)
R 3 5
A a4y 16.2A
C D E
¢
2 f,
-1 x, (yY + ZZ)Z (" + 72 ) - 5 1416 (yY+z 4)4
16 o g5 128 €1
A
F G

At this stage we notice that all terms of expansion of MA - in the case
of ‘a quadric operating near the poles— are strictly identical with the
terms of MA previously obtained for the sphere {page n® 16, —e——— s
term (A) excepted which is contributing to the expansion of fourth order
that is : '

4 (P2 (1-x, (1-¢?)

3 A
2 4y 4R R

¢

So, we are going to study the fourth order terms specifically by using

the method followed +.page n®.22 and following.

Grouping the terms A + C

A+C-=- _1 ( Y2 + Z2)2 1 - x, 1 - e? ) - xf
: 2
2{, 4R R 2

ver]e
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The classifying of the terms E F G includes 'the same elements as the .

sphsare Y5 .ones . -~
Finally, the value of the fourth order term of AM is :

AM(42§Y+Z2('1-x‘(’Ie)-xA) (¥2 + 2%)2 (1 -2x, )
872 “a 22, 8[31\ R
(10) RO [Yz oz -2 ) vFxy -2 g )
43: | . 6 2, R G g%

3
2
%
He use the same hypothesis as previously i.e. 2z =0 so
X = gCOS o(
y = A sin « "
We may then write :
A M(4): (Y2 + Z2)2 o - (1 - e2) cos¥ - cos2°< ) -
8 r? " R £
(1 +2%)2% (4 -2008%)
821 ’ZA R
A .
2 % 2,{
3 (JrA Y) < ( 1 - cos - 5 @gin ) o+
4 0y £ R 6
A

ceifen
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Let us study the term in Y4

Term of:A\ M(4) in Y4

F(Y4 ) = 14 4. (4 -0 _162) cosX - cos>¥ ) -

8R% £ "R =9
1 (4 - 2_cos*) +_3 sin%¢( _4__— cos¥%- 5 sin‘x)
gé? £y R 4 22 Ay R ¢ Ha
A A
- | 4 { 4 = (1—€2l cos‘(>— cos® - A + 2 cos ¥
8r? 24 R LA 8L} 8 R L,

+ 3 sin e (1 -cosX = 5 sin2°<\
4 b £y R ¢

The whole terms of the above expression (the first one excepted) are
exactly the same as those obtained in the case of the sphere (Equation 19,
page 25 ). Therefore we may calculate the terms in the case of the

quadric exactly as we did in the case of the sphere ; the evident result is :

- .
% Sle . .0
1

P (Y4) - v 4 (4 - (1 - ¢ ) cos"()- ‘l. Qosz~( - cos¥)
(481) ) g r% 14 R s(A ,éA R

(4 -cosX -§s«in2°( y
< a R A :

eeifen
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Considering the equation (/]Xo ) from which we get the value of AH(4),
it is easy to see that the value of the F term (Y3 4) will differ in no
way from the value of the term I1n F (Y3 Z) obtained in the case of the

sphere {oquation 20).

Term in Y2 22
F (Y2 22) = 12 22 1 ( 1 - (1=€%) cos X - cosl¥ )
4R> < R 4,
2 2
- 1 (14 -2cos%) + 3 2 (A _-cosX -5 sinx)
442 , R 444 € R 6 4y
+ 3 8in“¥% ( 4 - cosX - 2% )
s 43 <y R 6.43
A
2
F (Y2 zz) =Y 22 1 4 - (1-e2) cog¥X -
4R? < R
1 (1_ -_cosx) 1 - cosX + 3 sin¥
44, A R 4y R 4 ,Eja
(432)

ceefes
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Term in Y 23 B

Considering the general equation of AM (4) we notice that when the quadric

is used near the poles, the term in Y Z3 does not differ from the term
in Y Z3 obtained in the case of the sphere (equation n9 21 =). = .,
Term in 24
F (z%) - 2% 1 (4 - x, (1-¢2) 2 _
8 Rg[ —— A
A R yx

e (1-21A)+ 322 (A -x, - 5 22)

7— A
4 12 "R 6,€z.A

03
8A R

Following the same method as the one used in the sphere'case, we have

z F (2% - 2 1 (A -4a- e?) cosv) -
8R> L R
1 (cosz°(-+ 1 - 2 cos¥ ) + 322 (4 =-cos¥ - 5
2 2
8, =& IAR R{, 4Ly £a R 64y
The independant term of = is H

F (24) - 4 ( 1 - (’1— e2) OOS‘{) - 4 (4 - cog‘(}z
8r’ €a R

@)



5

Y

So, the ,fourth order term of expansion of AM may be written as follows
in the hypothesis 2z = 0

AM(4): Y4J A ( 1 - (1 ~€-2) cos °<> - 1 ( c052< - cos‘()
! 2
\ 8R Ly R 8 4, £, o
A"".’é“
( A4 = cos¥X - 5 gin °<-> + 12 72 1 (1 -(-1-22) cos()
/€A R -"€A ) 1 4R2 A R
- 1 (4 - cos¥X) {14 = cosX + 3 31;12'{
Vs £ Y
44, A R A R 4 v\
+ z4 ’.5 1 ( 4 - (1 —22) oos’() - 4 (4 - cos ¥ )2
L 832 ’ jA R 8 IA jA R

(184)

Conclusion

’

We have seen that the whole properties studied(up to fourth order) in

the case of thé sphere are fully valid as regards a quadric of revolution

used near its poles.
In other words, the use of a quadrie does not bring any new possibility

as to the correction of the aberrations of second and third orders.

voifen
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The terms of fourth order are different according to the type of the

4

quadric and are effectively dependent on €.

Let us consider the term in 14 of expapmion .pf A(4)

(4)_ 4 2,
AT 1 1 -~ (1 -¢%) cos« -
8> | s R >
- 1 (coaz‘( - cos "() 1 -cosY =5 sin2°C ) +
8¢, Ay R <a R L
A1 (4 - (1—62) cos ﬁ) - 1 (cosz/? - cos )
8 B? B R 8.0y g R
(1 --coe[5 -isinzﬁ_)' - sin’(,+ lsin/3
jB R 4B ‘ Ko
1 [é}_ - ("l-€2) cosx} - 1 (coszr- cos ¥)
2
8R c R 8 £, £ R
<_4_ - cosY -5 sinzb’._) s I (1 - (1=e2) coe‘r)
Le R ¢ g B2 \Ap R
+ 1 (cosatf- - cosJ) (.1 - cosd - 5 sinz'f
8.4, 4p R 4% R’ €D

(435)
coeen
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Obviously, according to the particular chosen conditions, it will be

4

possible to calculete the term in Y ' and in some cases this term will
prove to be more favourable in the case of a quadric (e =4 0 ) than in

the sphere's one ( e. = O ).

However, the quadric operating near its poles may be coupled with the
same Rowland circle as the one coupled with the sphere that results from

the gquadric with £ - 0 .

The Rowland circle coupled with the quadric will have similar properties
with the one coupled with the sphere as regards the second order terms
(astigmatiem) and the third order ones (the coma will be null on the

Rowland circle coupled with the quadric).

Let us suppose we are under the Rowland conditions with the group of
solutions ,€C

i

- Rcos¥ .

RcosJ

and more

jA: R cos «

/Z)B: Rcos/?

A(4) is reduced to :

A“‘) - 14 (‘l —('1—9-2) cos¢)+ (-}B -(1-€2) 008_)5)

gr? | 4, R R

~ (sin X+ sin/z) 1 - (1- e2) cos\()- (j__- (1-;2') coeJ)]
Ko £ R 2% R

ceefe
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that may be written :

A(“): Y4 sin2 °< + sin2 2 - (sin« + sin/%) K3 | +
8R2 R cosoc R cosP Ko
v4 €21 08 X 4 cos F - (sinX+ sin F) (cos¥ - cosd)
8r> R R Ko R R

(426 )

If K3 - _ 4 (sin®X + sin®P)  that is the condition
Ko '

(sina+ sin/'s) R cosx R cosp

to avoid the astigmatism on the Rowland circle, A(4) is null

only if 2 -0 i.e. in the sphere's case.

Therefore we may say that,im this case precisely, the quadrics' properties

are less attractive than the sphere's ones.

“Flgo ‘02/?"' ooo/oo
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The above study is relating to the quadrics used near the poles i.e.
close to the intersection between the quadric and the axis of revolution

which is T X in this case.

Let us consider what would be the properties of the quadric used with

an axis perpendicular to the axis of revolution

- Fig. 23 -

We know that, when applied to the axis system I, ( X1 ’I'1 Z1 ), the quadric’s

equation is : yz+'22+(4-e2) ¥ -2RX-0

Z | z
Y
Ys ?
1
.4 ‘zl x3
|
I//Y!
- ) !/ -
I, Il X|
b2

coif s
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The intersections between the quadric and the axis of revolution

X4 =0 X, = 2B
2
1 =€

are and

So, when changing the variables x = X - R

A = 22

we shall obtain the quadric equation applied to its axis of symmetry

12 ( X2 Ya 22 ) , the axis 12 Xzbeing colinear with the axis I1 X
(-See Fig. n° 29.)
A0 B3 g
We have :
22 + ¥° + _x° -1 =0
R2 R2
a- 02 (1 _42)2

the major semi-axis' length is R
1 -t

the minor semi-axis' length is R

Vi - e?

" Now we aré proceeding to a new change of axiewhish will apply the

equation to the trihedral 13 ( X3 Y3 Z3). The axis 13 Y3 and

the 1

2 are colinear :

¥, one,

ceef e

1
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Under such conditions, the equation is

22+ ¥ # 21 Vq-e? + x° Z o0
g? 33_ R R? -
(1- )2

Obviously, from the Fig. n® 29 , we observe that the system 13(X3 Y3 Z3)

is not the one generally used. For obtaining the equation under our

usual conditions, it is necessary to change X - Y and Y 5 - X

So that leads finally to the equation

22+ x2 -2 x Va-<e 4 ¥  _ o
) = 2 2 -
R R R R
1 -é? (4-e2)2

We may write that equation under the form

2+ x2Va-e2 _a2rx +Y (14-2¢%% - o

-2
Va-é | =P
In order to simplify, we write :
2,2 2
- A 2 4 - \/4 -Q
Az M= V=
4 -€? 4 =2?

So it results the following equation :

2

SIS +p02° - 2RX 0

veif s
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So
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We may write :
t
X = A4 | R + [32 -\)(,\Y2 +/~zz)]
V
X - B + R [«— V(AR 4 ez >]"z
SN 2
Xz R + R _ [1-__\2_ (AY2 apmz )= P2 (AP apz?)?
V3 U aud? )M..".}
16 R ©
X = AY2 4 pez? +Y (A Y2 prz?) +‘-?(Y6 26)
2R 8R3 .

and

2 - (Y2 w1282 . e Y0 2%
4R?

We are going to calculate A M by using the same method as previously

followed é xA yA ZA
2 2 2
v -
with L5 %4 v Y a *t2,
2 2 2 2
AN - (x- xA) + (Y - yA) + (2 - ZA)
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2

- X +¥Y 2

A

2

52 . 2
+z—2,XxA Q.YyA—ZZ,zA+x + 2

At

Substituting X and X2 for their value

\

s - e o 2 x, [A% +r22 4V (AP +/*z2)2]-2(yAY+zAz)
2R 8R°

+ Y2 422 (A 2‘2 +,/’~242)2
2

4R
By classif&ing in Y and Z we may write :
A w2 - 1-2(y, Y+3,2) 2 2 2 2
- £ § A A + Y+ 2 -»_xA,(,\Y +/uz)
fA A Re,
+ (Ax2apa? (4= x,)
4R
R
<
—2
We h - P2 :
We have L (1 +6) i

So AM- £y (1+ 6 - B+ & _50%) ”
- 2 8 16 128

&

We shall take an interest in the second order termsonly

A (2):. A4 Y

Q/Z‘

2 .27 2 -2 A g 2
+ 27 -x, (AY + P2 )| -4 ( Y+ z, Z)

2‘?2

o |

H99)

. : , 4 2 :
- A Yz('l-)\xA ..-yzl)‘ +z2(»1--.,«::A -2, )2, zA‘YZ}

wl 73 e
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At this stage, we notice that the second term is different from the one
obtained in the case of the sphere while it was identical when using the

S

quadric near iis pole.

Let us write 2z - 0 J:A :‘ZA cos ¥

'yA :[A sin°<

If we calculate M B M C and ¥ D irxthe same way, we shall have

finally :

2« _Acos X + cosz/3 ~Acos P -
'€A R <3 R

@ [
2

A °
(sin¥X + sin/B) [doszb' ~Acos¥ - (coszJ -Acosd )]
Ko ¢ R 4p ‘R

4

-/“cos /3 -
L3 R

(sin¥ + sinP) {

4 -ﬁcosf - (1 -/‘cosJ)
Xo ('€ ' ]

L R D R

We notice that two coefficients may be defined :

cerfen
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X1 ' = cos> X -lcos ¥ - (coszrf - Acos J)
L R 4y R
432)
K3 ' = 4 =pPces¥ - ( 4 - pCO8 ‘)’)
'ZC R apD R

] !
those coefficients KI and K3 are different from those reached with the

sphere (or the quadric near its poles).

To sum up it appears that the fact of using a quadric located at [\ from

. 2
the poles allows using a new parameter, as soon as the second order terms)

whereas this new parameter appears only with the fourth order terms if the

quadric is used near its poles.

It seems that if one usesthe quadricunder general cenditions, one benefits-:by a
new correction parameter which is the angle \f}' between the straight line

I O and the axis of revolution.

<

- Fig. n°® 23 -
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XII - DJETEIMINATION OF COdSTARAUCTION PARAMETEAS

Construction parameters are the focal cli:stances—fC 9 ’ZD and the
angles ¥ and J.

A first relation is given by

Ko - sinY¥ ~ sin J( egq. 11— 2nd report)

»

Then, we have seen. (page n°® 16 of 1st report) that we have the relation

sinol + sin[’-h A (sin ¥- sinJ) -0
Ao
sinX + sinF - Ko . R A
Ao
S0 we remar< that Mo is the groove spacing if compared\ to the
Ko

classical gratings formula

sin& + sin,3 = R.A

ol

Our studies relating to the properties of spectrographs lead to the
determination of the coefficients :

KI' X2 K3 and K4
Lo Ko Ko Lo

According to the problem concerned; either the whole coefficients or
some of them only have been determined.

Therefore, those coefficients Ki have been obtained from the use
Ko
conditions required i.e. Ki is, then, expressed in ,fA)fB/oé and /3.
Ko

More, the grooves number i.e. Ko, is known.

/

cerfe
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From the values Ki we may then obtain the necessary Ki values so as to
Ko
meet the requirements. We have now to know about the feasibility of tuu

grating i.e. determine the ,ZC jD ¥ and J parameters from the Ki values

objained as said above.
de have to solve the following system .

Ko = sin ¥- sin J

KI - cos°¥ - cos¥ - (coszlj - cosJ)

L R Ap R
K2 = sin'( (cosz'( ‘ - cos\() - sintr (coszJ - cos’f)
Lo 4 R Ly Ly R
K3 = _1 -cos{;—;:(ﬂ —cos‘f)_
e R 4p R
K4 - sin¥ (1 Q"'cosf) - sind (4 '~ cos d )

< £; - R £y Ly R .

In this system, Ko, KI',' K2, K3 and K4 are numerical values. Then, we have

4 unknown quantities : : /C 'ZD ¥ and . Therefore, - in principle -

there will be no solution for the equations system.

Two cases may be considered : .
- First, one decide to work with a strictly fixed number of grooves
and then one must giQe up one of the four other equations,
- Second, one decide that the number of grooves may be variable and
then the solution is feasible as we introduce a new unknown quantity d xo

which is the variation of the groove 5ba_cing.
_pAcharaliol thow- thig Anpont)
The Table (JI-5 indicates - for some combinations of Y, J, the

numbers of grooves per mm — therefore the Ko - asd_: Ao
3

[}
d being the groove spacing. So, if n is the number of grooves per

mm n = _A4 d being expressed in mm. wWe have
A
n._ Ko AO on " "o, - /

Ao
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The Table (IIL Y’indicates the values of the various Ki for some values _

o‘F /fc "€D ¥ and (f We shall identify the Ki of the Table
ki ¥ .
Now, let uc suppose that the study of the use requirements leads to

draw up the Table of the necessary Ki which we shallk identify : EI

. X
The best conditions would be to obtain, from the Ki Table, a group of

values coinciding with the Ki , precisely.

Generally, that will not occur but one may hope to vfind out a group

> —
of XKi approaching the Ki .

- X
A series of glivem values of,fc,éD ¥ and Jcorresponds to those Ki .

Now, if the parameters jC ’€D X and J are respectiively given the
increments d,/C, J./D,J—K, ol J one may write :

L

Ki .(fc tdlg s 4y +dfy 5 +d iy d +,,(f) =

K1 (’fc 7/(_0’ X, (S) +

9;1 20 + dxi A

PRSI 24
. Dki d¥ s+ Dk AJ. | .
'S o J

So, we have four relations as follows :

—_— - 5 7 ~

Ki -Ki + Jki A4 + Xt ly + dki AY
| 24 >4y Q¥

433
( > + 0 Ki aLef

2 d
equations in which Ki , Ki™, OKi , OJKi , OKi and 9Ki are
04y ¢y 2% oJ

coefficients .

andd,[c s a(fD s 0‘&’, dLJand possibly Ko, are unknown quantities.
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CALCULATION of O KLU
0

Itiseasy to observe that :

_First JKi and OKi

24 )4,

- Second D Ki and D Ki

oY odJ

are expressed in the same way,except for sign

KI - c082 ¥ = cos X = (cossz - cosJ)
’€C R '(D R

In fact, we choose _1 as variable/preferably to jC

Ef)

o)

(45‘; >KI = coszb’ D I - - cosZJ (’}éf)

) ()

JKI - -2cos¥ sin¥ + sin ¥ =8in¥ (1 -2 cos ¥) (136 )
D\( ’ZC R R C ’
AKI :-sinJ(i -230_s_§$) (’ﬁ%>

DS R £y :

K2 - sin¥{ (cos2 ¥ _ cos ¥) - sin(f (coszcr - cos J)
< A R Ly 4 R

DKZ -2 sin¥ cos® ¥ - sin\(cos{: sin¥ cos ¥ (2 cos¥ - 41 ) (195"

5(4 ) L R o e R
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Dig__ - - sind cosJ(Z coséf -1 ) (433)
D A4 'ZD Rr .
5
%_K_Z__ = cos‘)”(— 2 cos?s/sin2 5 - cos’¥ — sin’ Y
. I)K //dc ' R//C
r>~K2 - = cos3(j- 2 cos Jsinch + cossz— sian
2 J AN RO,
1 -cos ¥ - (4 - c‘os‘f)
K,3 - A R A R
K3 = 1 (202) OKk3y - -1 (203)
) [ A N [
(&C> (l@)
DK3 - sin f DK} - - sin J <z05>
y “K3_ = =
(zo)‘ oY R 0 J R
' K4_—_sin{ (.1 —cosf)—sinJ (4 -_cis__cf)
c L R Ly <4p R

g DK& - 2 sin?¥ - sin? cosY: sin¥ (2 - cos¥)

b4 ¢ R
1 C R |
D K4 - - sin 5( 2 - cosA) ( 10?)
D<_:t__> Lo R |

£

(200)

(zo»{>

(aoe>

23R
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DK4 - cos 1%- cos® ¥ - sin? \(: 4 (c'os{ - cos? ¥~ sin’ Y) (2,08)
)Y L% R, L R
DKQ - =_1 (cosJ - cos J- siﬁsz-) (21"9)
odJ Ly Ay R

"So, the foll'-dwing system has to be solved :

cos27fo(.(1 )—coszJoL//l )+sinm( 1 -2cosl8) AY
Ls \ “4p 'R Ac.

-st(/l —ZCOSJ)JJ- _K_l— - £i

smTcosb’2 cos - _)ol - stcosJ(Z cosd - 1) ol
Ear| By

+ (cos3 Y- 2 cos ¥sin? ¥ = c0s2¥ - 8in? ¥) AY
L% RL

- (gos3J- 2 cos(/(sinzéf - cosz‘f— sinsz)cl J - K2 - k2
VA Y,

A(4 >'-ocq ) venX Y and LS L G g
'ec LD R R

siny( 2 —cos\()d 1 —s1nJ(__2_ —_c_:_o_s_J)oQ 1
N IR # )

C R R

+ 1 (cbs{ - coszx— sinzf)dr- 1 (cosJ— coszJ- sian)o(z_L-i_(Z - K4%
‘e 4 R <p 4 R B

A Ko = cos Td Y- cosJaL‘f (240)
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Obviously, we may proceed by successive approximations.

Let us suppose Wwe have solved the above system. We may introduce into

.the functions Ki the values of df A ), df_4 y ol ¥ and J(f)thus deter—
\Le/ | < )

%

mined.

By this way we obtain a new series of Ki.

¢

If that series differs yet from the Ki , one calculate the new coefficients

JKi which we introduce into the new system of linear equations from

D) .

which we obtain the new values forpl_(/! ) d ( A )ol ¥and o,
C

y, £,



